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LEVEL 1
TRIGGER
CALO MUON TRACKING
Event builder
Pipeline
memories
Derandomizers
Readout buffers
(ROBs)
EVENT FILTER
Bunch crossing
rate 40 MHz
< 75 (100) kHz
~ 1 kHz
~ 100 Hz
Interaction rate
~1 GHz
Regions of Interest Readout drivers(RODs)
Full-event buffers
and
processor sub-farms
Data recording
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Resistance rajoutee pour proteger les pre-amplificateurs
h
z
S1 S2 S3
þß [ß
Ø
[
X
ÇﬂÉ%3!.46$.3&ﬀ'463"%ﬁ ﬂ
*


%ﬀﬂ4CÔ4Cﬁﬂ!.3"%ﬁt!.ﬀﬂ$
*
,!ﬃﬀ'ﬁ


*


4$";ﬂﬃﬂ
*
·$E"%ﬀX
/0;4ZE$&ﬁ
H³Õ
/!+$.,!.3!.4]%ﬁ

,!



ﬀ'$

{/!!#"%ﬁ74
*
,!($

/!.3!.4%ﬁ

/!Ł$#"%ﬀ'4

{,!YRﬁﬃﬂ¨?$"%4

C2ﬂ$
*
,!d?$


%[?
*
3 

%4ZEﬀﬂ$!
H
~cwzb\p­\ajwÞ^#|{`.h=m\pb\V^pjldgfvuwx\²e`«fszwŁfdl\+ws ^pcwxd(`.sŁjfrs{`obtjkd~f¦`VsxrwŁb¦`afdk\

z`.d^ncwxbv`Vr\
^`.z`e^#fjgf¬Ïgwxdbv`^pcw{^#|x\fsŁjk\adlsx\\bgm\pb\V^pjldkcŁ\Iax\asÇ^pwŁfŁdk\Þm\ar½`ob\ah\asŁj\ajm\z`.dŁm\a\\o´^pcewz^|x\V
än|z`.wjk\jk\as{fcszåz`.d
Ë
ô
ö]h ¶fvgcVb¦`Vsj%~`.§\nbnm\
O
`.xjlcs

ß

u
	w u8x;}ﬂx{zv
[]\Vm\nb\o^pjkdlcŁ\VµgcesjZg\rh\asjŁm\a\VbcsxrVfjkwzfsz`.b\ah\asŁj/\as
Ý
cw(^pceh+{`.dkj~fh+\asŁj.apbv`´~chh+\
Ł\V^pceh+z`Vdkj~fh\asŁjdk\xdŁm\V~\asŁj`.sŁj\as xdlc.¬cs{\awxd%`.w hc.fsz
Ý
Óßµ[µ`'~\arh\asŁj`Vjgfcs jkd(`.sz~¯
\dg\%xdlcVÎk\V^pj~f\

m\az\as{ŁwÇ^pceh+z`Vdkj~fh\asŁj
^
JÐdl\ahf\d)^nchz`.dljgfh+\sjkè8

fbÕ`wxsx\±^pcwx\dkjkwdk\\as{g\awzŁc¯d`.Łf¦fjŁm\²áq\Ò­ß
ÊVË
¯
Ý
ß
Ë
Ô
\ajÍ\ogjµzsx\ah\asŁj/~\arh\asŁjm\tgwxdZjkcwj^p\ajµfsjl\adke`obb\ a\n©z^p\xjŁm\t§cewxd/á:f 
á

ÊVË
â

á¥Ë
\aj
Ý'á
Ø
â
Ýﬂá¥Ë
dm\V~\asz^p\%w_jkcssx\V`.wÞ\ae`.sŁjb\%yzcwz^|xcs ³wxsÞ^pcjŁm\²\ajxdŁm\Vg\sz^p\%\bv`m\az`Vd`.j~fcs
dkcw\²\p©jk\adlsx\a¯dkcewx\fsŁjk\adlsx\\b¥`.wjkdk\

ßµø´s\²^n\pbbwŁb\qx`Vszbv`fdk\V^pj~fcs `.ãnfhwj`ob\*\ogj
¬cdkhXm\a\{`.db¦`gceh+h\%\
Ý
m\pb\V^pjldkcŁ\V´jÞÔf 
Ý
Á
Ý
É
Ê
×Ó
Ö
ô
á


ß
à\^pchz`.dljgfh\asjdl\axdŁm\og\asŁjk\%\asfdkces
Ê
tÎkwzluwµvi` áXf 
á
Ú¨\j²×\as{gwfjk\½ßKb\ogj
Dm\Vfnm\ i`bv`Çm\z`.d(`.jgfcesI\Vx|xcejkcs{+^pcVbbÈfhXm\V²xdlc.\sz`.sŁj\b¦`Çm\VfsŁjm\ared`.j~fcsIŁ\V

;a
`ozs\dŁm\owfdk\b\yxdkwfj\¬ceszXx`.sz²b\_^a`.sz`abﬀ ﬁ ﬂﬃﬂTaﬂ\aj`.w^a`ab¦^nwbxdŁm\o^#fv\+bv`
§c½fjgfcesÇ\asá'Ł\V)z`.dljgfv^pwb\Vnß
^
â´\aw©Łfi\ah+\"^pceh+z`Vdkj~fh\asŁj´lè
Ý
fbﬂ^pcewxŁdk\´b\^a`abcdgfh_i\ajkdl\\asŁjgfi\adl\ah+\sjt`a\V^wxsx\red`.sŁwx¯
b¦`VdgfjŁm\(Þá
Á
Þ_^pcs{gj`Vsjl\x`VszDbv`²dkcw\\p©jk\adlsx\CÞá:f
ô
á
ô
ÝË
\jDfsjl\adks\²CÞáf
ô
á


a
^p\V^#fÕ`ozsÞ\²h\Vgwdk\adwxs zw©Þ^pceszgj(`.sŁj\z`Vdkj~f¦^nwb\V´z`Vd^p\pbbwb\ßø´sx\%^p\pbbwb\²\as! \ogj
b¦`~chh+\\'
Ø

m\pb\V^pjkdlcŁ\V`.sz´bv`dkcw\+\p©jk\dksx\$fsjl\adks\

a^p\uwfdl\axdŁm\Vg\asŁjk\%wxsx\
rd`VswŁb¦`VdgfjŁm\q\YÞ9f 
Á
Ý
É
Ê
×Ó
Ö
ô
á
ô
ÝeË
CÞ f
Ø
Á
Ý
É
ÝË
×
Ö
ô
á


ßL/sÞ^pchyfsz`Vsj
b\"yz`.dlÑx^p\sjldk\\asá^`obv^pwbnm\%x`.s{è8\aj´è
Ý
awxsx\dŁm\VgcVbwjgfcsÞ`.sxrewbv`ofdk\%gwdDb¥`Vsxr.b\zc.bv`ofdk\
Ø
Ú
Þá
Á
Þ
Ò­ß
ÊVË
aß
Ë
Ô Ò­ß
Ë
aeß¥ÓVÔ Ò­ß¥Ó'a
Ý
ß
ô
Ô Ò
Ý
ß
ô
a
Ý
ß
Ø
Ô Ò
Ý
ß
Ø
a
Ý
ß
Ë
Ô Ò
Ý
ß
Ë
aŁß
Ý
Ô
èB "$#%"'&'(*)+",#.- "$#%"'&'(,/102)",#.- ",#3"'&'(,/54*)+",#6- ",#%"&'(,/87)",#.- "$#%"'&'(*)+",#.-
^
è
Ý
",#3"'&'(9)",#%"'&( "$#%"'&'(*)+",#%"&'( ",#3"'&'(9)",#%"'&( ",#%"&'(9)+",#%"&'( ",#3"'&'(9)",#%"'&( ",#.-9)",#.-
è1
^
"$#%"'('"*)+",#%"&'( ",#3"'('"9)",#%"'&( ",#%"('"9)+",#%"&'( ",#3"'('"9)",#%"'&( ",#.-9)",#.-
PRQTSUß
Ý


2%:ﬁG4]%463"%ﬁ 46$E%ﬁﬂ!.)%$!;(%ﬀ


*
"%$.35
<
4$&


*


46$E"%{2%ﬁ

43W&ﬀ8"%ﬀ

"%ﬁ
H³Õ
,!(4%3
*c*
,!
ﬂ/!


**
ﬀ
*
/!Dﬁ
á
,!.4

:RﬁG3!.ﬀ'$
*



*


4$";ﬂ<;


*c*
Eﬁ

?B%$
*
!#"%Ł:(


*


4$";ﬂ,!
H
=
Ł\
Ë
ô
hd`
   ¡
l¢£.¤

stm\V^n\Vkl`ofdk\ i`+bv`h\V~wxdk\q\b¦`h`ek~\w yzc~csz\Ófrr½
x`.sz)b\%^a`.sz`ab>?ﬁ@ﬂﬂª`a\V^´wxsx\xdŁm\V^#fvfcesÇ\


\V~j`Vjkjk\nfsŁjk\½ß
[µ`gchh\´bcsxrVfjlwzfsz`ab¦\\²èB\aj´è
Ý
dl\axdŁm\Vg\asŁjk\
Ö}Ý
Ø
  x`.szDbv`dkcewx\\p©xjl\adks\ßâ`Vsz
b¦`'dlcwx\fsŁjk\adlsx\Çè
Ý
dk\adm\V~\asjl\
Ý
Ø
  ßæfszfb¦`'hq`aÎk\awdk\z`Vdkj~f\Þ\+b~m\sx\adkrVf\'m\azcm\\
x`.sz)b\%^a`obcd~fh_i\ajldk\g\ad(`²h+\V~wxdŁm\\²`.sz^p\^pceh+{`.dkj~fh+\asŁjaß
^
çÕdlc.fvfi\ah\^pceh+z`Vdkj~fh\asŁj´lè'

`a\V^wxsx\±^pcwx\dkjkwdk\\asáq\Ò@eß
Ë
¯]ß
Ý
Ô\aj)wxs\~\arh\asx¯
j`.j~fcsa]{`.dd`Vxzcdkjqi`è
Ý
aµ\w©'¬cVf¦bwz´bv`.dlr\\asÇáÇ`.szbv`dkcewx\\p©xjl\adks\«fv\asŁjgfvuw\
x`.szDbv`²dlcwx\fsjl\adks\

\ajfv\asŁjgfvuw\\asA'x`VszDb\V\awŁ©dlcwx\V.afbZ^pceh+b$i\ajl\´b\%Dm\ajk\o^pjk\awd
\asÇxdkcV¬cszŁ\awxd%`ozsB\h+\ogwxdl\ad´b~m\as\adkrVf\q\Vm\pb\V^pjkdlcsz

zcfjkdkcesz\ajx|xcejkcesz²\jkdi\V
|z`.wxjl\V+m\asx\dkr.f\VnßGKbµz\adkh\ajqm\ar½`ob\ah\asŁj\dk\V^pcewxŁdgfd)bgm\asx\dkr.f\%\jk\nbÈb\Vz`Vdkjgfv^pwŁb\o´cesj
b¦`²re\adkyz\sµ`.wxd(`ofj´{`+m\ajŁm\\asŁjgfi\adk\h+\asŁjt^pcsŁjk\swx\"x`VszÏb\%^a`abcedgfh_i\ajkdl\cew_\^pcesjldgfyxwx\ad
i``.hXm\pbfcedk\adb¶fv\asŁjgf^`.jgfces \Vz`.dljgfv^pwb\VdŁm\~Îk\V^pj~fcesÇ£1B

Îk\aj#aﬂ

Îk\aj#aDC

Îk\aj

ß
à\^pchz`.dljgfh\asjdl\axdŁm\og\asŁjk\\asŁjkdl\
Ø
¯/
Ý
tx`.sz/bv`dkcewx\\p©xjl\adks\\aj/\asŁjkdl\
Ý
¯ÓEÏx`.sz
b¦`dkcewx\fsjl\adksx\½ß
[µ` {rwxdl\9ß
Ë
hcsŁjkdk\b\Çk^|tm\ahq` ]³wxs\Im\nb\o^pjkdlcŁ\ \bv`*dlcwx\Ç\n©xjl\adksx\\ajq\b¦` dkcw\
fsŁjk\adlsx\`ae`.sŁjbfv`.r\½ßLÍbb\²h\aj\asm\afv\asz^n\´bv`+~\arh\asŁj`.j~fcsbcesxr.fjkw{fsz`obv\\aj)bv`«red`.sŁwbv`.d~fjm\
áadŁm\p¬Vm\adk\sz^§m\a\t`.w{kfÖx`VszÐb\j`Vyb\V`.wÓß
Ý
ßŁâ`.s{Zb\V`Vsz`obÑg\Vt\V/jk\V~j\Vﬂh+cŁwŁb\o&ab\V^p\pbbwb\V
ŁwSŁ\aw©Łfi\h+\^nchz`.dljgfh+\sj~csŁj~cwx\asŁj²dgfvg\V^pceh+h\dŁm\n¬Vm\adk\as{^p\Vzcewxd~\_fjkwx\d~wxd²b\
m\ajk\V^njk\awxdß
éêkëtêé ìíﬂîSíﬂîDFïRoµí/óòxî
æ{s\tr`.d(\adµbgm\pb\V^pjldkcŁ\^n\asjldŁm\a\Z\asjldk\t\awŁ©`Vyzgcedkyz\awxd(&a.fb{`m\ajŁm\^pcesz^pwŁ\VÕ\ogz`e^p\awxd(&a
\s*z`Vf\ad²fh+dm\ares)m\Ł\dŁm\Vfsx\x|tm\sxc.bfvuw\ aÍdl\axdŁm\og\asŁj`Vsjjkdi\Vz\awX\hq`.j~fi\adk\'j
ÝDO
r

hG

ß
[]\o)\Vgz`e^p\awxd()cVf\asj%Û\jkdk\"dm\Vf¦~j`Vsj%i`bv`xdk\VlfcsÞ\Vt`.yz~cdkyz\awd´zcwdm\afjl\ad)jlcwxj"^pcsŁj`e^pj
\sjldk\´b\Vm\pb\V^njkdkcŁŁ\V\j)b\o´`Vyzgcedkyz\awxd(pßJÍcewxdk`Vjgfv¬`afdk\^p\VŁ\aw©_^pd~fjai\adl\V&ab\V\Vg{`^p\awdgcesj
^nch§c½m\VŁ\^p\pbbwb\V)|x\p©{`.recsz`ab\V´uwfÖd`.§\nbÈb\asŁjb¦`~jkdlwz^pjkwdk\\o)sfvx]¥`Vyz\pfbÈb\V.a]^nchh+h\
ces+z\awjDb\´cVfdgwdÐbv`zrwxdl\ß×ßŁ[]\V\Vgz`e^p\awxd(gcsŁjm\V^pcw)m\V/\asyz`.szŁ\pb\ajkjl\`azs\"^pcwd~fd
b\VH`Vsz^at\V`.yz~cdly§\wxd)\ajÐ\V²m\pb\V^pjldkcŁ\VnßŁ[]\awxdm\az`af¦lg\awdsx\´e`Vdgf\´{`D\n©z`e^pjk\ah\asŁj/^nchh+\
b®fsŁjk\dke`obb\`.yz~cdly§\wxdk¯Vm\pb\V^pjldkcŁ\°

aVh`af¦µbÈfstm\o`ofdk\ah\asŁj/\as¬cs{^pjgfcsqw%d`aÑcs`ozs\D¬`e^#fbÈfjl\ad
b\awdÍ¬`.yxd~fv^a`.j~fcesµß'JÍcwd/h«fsfhfvg\ad/b~m\V^`.dkjﬂ\asŁjkdl\Db¶fsŁjk\adl`abb\"`.y{gcdlyz\awxdk¯Vm\pb\V^pjldkcŁ\\ajµbgm\az`afvkg\wxd
Ł\VD\V~z`^n\awxdŁw9i`%^p\ajljk\`Vxxdkca©Łfh`Vjgfcsaxbv`²dkcewx\\p©xjl\adks\´\aj)fsŁjk\adlsx\fv~§c½g\asŁj"\\awŁ©+bcj(
³\V~z`^p\wxdIG§cewxd"^pcwxŁdgfdwxsx\Çm\pb\V^pjldkcŁ\%cwwxsÞ`.yz~cdkyz\awdaß
JK1¨¿.¦5..[MLC¦6¨;ONPLC;¾¾6C;¦UC¾6n{RQLC¦6C{F	&;¦Z¾T~C{¥d.6¾C»
Ë
ô
h=2.0
h=1.8
h=2.5
h=2.4
h=1.5
h=1.4
S1
(6
-7
 X
0)
S2 S3
(1
7-
18
 X
0)
(4
-1
2 
X0
)
S2:
Dh=0.025
Df=0.025
mm
m
m
S3S2
(~ 24 X0) (2-8 X0)
h=2.5
h=3.2
Dh=0.1 Df=0.1
þß 1Łß3S'UT
%ﬀﬂ4>V


*


4$";ﬂﬂ
*
$"%ﬀ8¨,0;4C$.ﬁÚ%);%ﬁG4G?
*
3{2ﬂ
HDW
~!*V


*


46$E"~ﬂﬂ
*
$E"%ﬀXR35ﬁG4C$.ﬁ
%)º%ﬁG4?
*
3{2'
H
S'
þß XŁß3XﬂY
3
*
4,!?B

ﬀ'$

"%ﬀﬂ)#$%ﬁG4
*
"%35463

  ﬀﬂﬁÉ !#"%$#&ﬀﬂ$ "%ﬀÔ ﬀ'ﬁ


*


4$";ﬂﬂ
*
$E"%ﬀX
/0;4ZE$&ﬁ
H³Õ
/!Z
*
!($.3­2%3ﬂ,!F?$.:44Zﬁ74dﬂ( "%ﬁGﬁ$Y%ﬀ[
*
4
*
9\#"%$.:+ﬁﬃ

"%$E

."%ﬁ
H
]M^'_`abcd^feO^1g<g^'_ZcMhi^'_jalkf^1mDn>_olbg>pa1q:bdg<^5bmD^r_sja'ntc^'_MuDev_wnIqOxqvc^'_zy{jolmDnHeO^dN|odcmeO^
ô
jan
cd^'_HuDev_z_olmDjeO^'_~}
mqco,bDb^1bgta'muDeO^1g~_Zeva[Po,np^ﬀc^'_Zolbc^'_c^'_ta`_Io,n`ﬃ^5mDn~_^1gtc^'_^feO^'kfgn<odc^'_
yUmdqMjn<^1ba1qO^1bgzevaEPoln<p^c^r_^fe8^1p^1bdg~_ŁjolmDnzeO^N|odcmeO^
ô
}~]ZhR^1ja1qv_<_^5mDncmuDev_2co'qOg^1g<n^jDnqv_I^
^5bkfo,pjDg^|cab_eva!a'`Dnqvk1a'gqOo,bc^r_^'_jalkf^1mDn_jo,mDn+Um^ehI^1jarqv__^1mDn+c^'_Eue:^5g~_bD^ _o'qOgja,_
_ImDjt^1nIqO^1mDnae{hqObg^1n<lare.eO^E
éêkëtê ì ïîxîxíZ}ðbm~ï)í
]M^'_2a'`_oln<`^1mDn_9^1ge:^r_^feO^'kfg<nodc^'__olbg2^1pjq.e8^'_cDab_2mDbD^[_g<nmkfgmDn<^^1bAareOmDpqObqOmDpAM]M^'_
a'`_oln<`^1mDn_z_Io,bdgŁuDt^'_a[eva_Ig<nmkfg<mn<^a[eh3a1q cd^c^Uqv_Ł^5gzcd^9jqOolb_2ambdq:
^ram+c^'_zk8o,mDno,bDbD^r_Ł^f¡
g^1n<b^'_&a~q:bdg<^5n<p^'cDarqOn^'_s^5gMq:bdg<^5n<bD^'_¢jDnd^'_^1bdgd^5^'_M_ImDnseva*u£x,mDn^Fd6¤$,]M^'_a`£_o,n`^1mDn~_>_o,bdg^1x$areO^1p^1bg

qv_<_
^ac^'_tabDbD^ramcMh¥qObcd^fa'gqOo,bA^1gaevakfo,mDno,bDb^a'bgIqO¡¦^8qOo,b jo,mn2pa1q:bdg<^5bqOnze{h%a`_Io,n`ﬃ^5mDn
^5bjo$_qOgqOo,b
éêkëtê§ ì Gkínm~íopòxñ2¨©Iª´óí¬«nòxñz©Cqí
ýb­ajDj^fe.eO^®^feO^'kfg<no,bqv
mD^Pnoqvc^ehI^8e:^rkfg<no,bqv
mD^ _^g<no,mDla'bgcDab_EeO^ k8n<¯
o
_Ig~a'g1/ýbcUqv_I¡
gIqObDx,mD^Ó
^
e:^r_k1ang<^'_ﬀ_o,pp+ag<nIqvkf^'_Ł¢kf^'_ﬀk1ang<^'_9nd^'kfmDj^1n<^1bdg2^1g_Io,pp^5bg9eO^_{q:xlbare°p^r_mDnd^ja'n[eO^'_
^feO^'kfgn<odc^r_9a1ub±c^kfo,b£_gqOgmD^1nmDbD^k8^fe.e:mde:^^1b²zø9bD^kf^fe.eOmeO^^5b|±cmAjDn<^1pqO^1nkfolpja'n<¡
gqOp^5bgc^evano,mD^^fg<^5n<bD^^r_g ^1x
a1e:^Aaeva_olpp^c^cdo,mxã1^!^feO^'k8g<n<odcd^'_f]¢a_olpp+agIqOo,b
_fhR^8³M^rkfg<mD^ﬀ_mn*evaEa,k8^a1labdgcmAk1a1e:olnqOpA^1g<n^
8JHo,mnze:^c^5mq^1p^^1g2gn<o'q _{q^1p^kfolpj£an<gIqO¡
p^1bdgﬀc^evan<olmD^^fDg^1n<b^yqObdg<^1nbD^,}EaMmDbD^kf^8e6eOmeO^^5b±´^'_gkfolpjo$_U^1^+c^g<noqv_yUm£ag<n^,}
Slµ
fh=1.4
h=2.5
h=3.2
Roue Externe
Roue Interne
CouronneCouronne
intermediaire interne
Anneau
externe interne
Anneau
externe
Couronne
Z
Interne
Externe
Roue
Roue
externeCouronne
Anneau d’indexation
avant
Anneau d’indexation
avant
Couronne intermediaire
avantCouronne interne
avant Couronne externe
Anneau
externe
d’indexation
arriere
Anneau d’indexation
interne arriere
Couronne intermediaire
Couronne interne
arriere
arriere
externe
interne avant
Couronne
anti-flexion
þß ﬂ.¤ 
T
%ﬀ'4>V

 
EŁ ﬀﬂﬁ:";%ﬀ
*
%)%
b
"%ﬀ'$"%ﬁGﬁ/!4n%ﬁGﬁ/%ﬀ 0Y 35ﬁ8ﬂ,0	%43"%ﬁ
HﬃW
~!*V

"%ﬀº?
%ﬀ"%ﬀ

"%ﬁ 4?8"~!.3543"%ﬁﬂ!(ﬂ/!

"%ﬀ'$"%ﬁ7ﬁ,!Ł4ﬂ,!Y%ﬁGﬁ/%ﬀ 0D 35ﬁBﬂ,0	%43"%ﬁ
H
S	
¶¶
¶
¶
¶
¶
¶
¶
¶
·
¸
¸<¹ º » ¼ ½R¹
¾.¿RÀÀÁ ÂRÃ{Ä Å%ÆÇ ÈRÉ
Ê~ËRÌ ÍRÎ¥Ï.Ð Ë%ÑÏ ÒRÓ
þß ¨d3Ôﬂ
X
Dﬂ
*



*


46$E"%ﬁG3W&ﬀ8Ł\.$E"%3ﬂ

"%ﬁGﬁ

4

{-%ﬀ10


*


4$";ﬂ,!Yﬂ
*
9\#

%)º%ﬁG4
H
^feO^'kfgn<odc^r_*^1gzeva_olpp+agIq:olb±_fhi^f³^'kfg<m^_mDn2evaalkf^annq^1n<^cm!k1areOolnqOpA^5g<n<^$
ø9bD^+k1ang<^ _Io,ppa'g<nqvkf^ ^'_IgkfolbDbD^'k8g^1^±aﬃ1µ^feO^'k8g<n<odcd^'_cDab£_eva|n<olmD^ ^fg<^1nbD^^5g a 1X
^feO^'kfgn<odc^r_ZcDab£_>eva9no,mD^zqObdg<^1nbD^
l]M^'_ZkfolbDbD^fdqOo,b_>_o,bdgZn^'co,b£cDabdg<^'_¡jo,mnkÖÕ£a,
mD^2k1a'bare
c^A_o,ngqO^²cdm×_{qOx,ba1ec^1mØkfo,bDb^'kfg<^5mDn~__Io,bdgjDnd^1dm__mDnehI^feO^'kfg<nodc^|^5g_mDneO^'_k1ang<^'_
_o,pp+ag<nIqvkf^'_f]M^A_{q:xlbare[^'_g^1b£_mqOg<^Aa'p^1bt^|_ImDne:^r_k1ang<^'_pA^1n<^r_fŁÙ^5g<g<^ n^'co,b£cDabk8^
_^|n^1g<no,mD
^Ú^1x$areO^1p^1bdg _mDne:^r_kfo,bbD^fdq:olb_c^r_k1ang<^'_pA^1n^'_f]¢a²ux,mDn^ﬃ%Ô´polbgn<^
mDb_kÖÕt^1pa c^e{hI^feO^'kfgn<o,bdq 
mD^Pnoqvc^|yk1ang<^+_olpp+agnqvkf^|ÛÜk5an<g^pA^1n<^,}*kfo,bDb^'kfgd^5^a'm
k1areOo,nIqOpA^1gn<^

^
e:^r_2k1ang<^'_2pA^5n<^'_dD^fe.e:^r_9_Io,bdgkfolbDbD^'k8g^1^'_2_ImDnzeO^'_k1ang<^'__olpp+agnqvkf^'_z^1g2olbgjo,mDn`DmDg(
Ý<}>c^9nd^'kfmDjt^1n<^1ne:^[_qOx,ba1e>ajDn5^'_z_Io,ppa'gqOo,bc^Þ®^feO^'kfgn<odc^'_2y{Þnf+5µyß8}EaGyßdµ¡Iß'n<o,m^
^fDg^1n<b^,}¨aDà|yßdµ¡Iß'no,mD^qObdg<^1nbD^,}°_mqOlabdg9eO^kfolpj£an<gIqOp^1bdg2^1gzevano,mD^,}tja'n*eO^'_k1ang<^'_
_o,pp+ag<nIqvkf^'_H^1g>c^e:^_Io,ngqOntcmkfn<¯
o$_gagjancd^'_Zka'`eO^'_Ły{Õ£an<b£arqv_áE}a'Ý{Ý<}c^2c
q _Ig<nIq:`mD^1nZeO^
_qOx,ba1e>c^k1a1e.q:`n~agIqOo,b±cDa'b_ŁeO^'_2kf^fe.eOmeO^'_cm k1a1e:olnqOpA^1g<n^E
qvamDb nd^'_I^'amc^nd^r_qv_gabkf^
mq
cŁ^1j^1bccm+kfolpja'n<gIq:p^1bdgzyeO^'_n^'_{q _Ig~a'bkf^'_cMhq:brâ<^'kfgqOolb_Io,bdgŁnd^f'^1n^1bk^1^r_HcDa'b_HeO^2g~a`de:^ram
'aﬃÝÝ{Ý<}tc^n^'kfmjz^1n<^5n*evand^1jo,b_I^c^'_kf^fe.eOmeO^'_^1gcd^EevaarqOn^_o,ngqOncm²k8n<¯
o
_Ig~a'gUqvaeO^'_
Õanbarqv_á]¢auxlmDn<^d3ãn^1jDnd^'_^1bdg<^eO^_<k~Õt^1p+acMhimDbD^k5an<g^pA^1n<^$]M^_qOx,ba1etc^_Io,n<gIqO^
c^jDÕd¯_qvUm^^'_gnd^'k8mDjz^1nd^am²bdq:
^ram±c^'_ä{Nq.e.e N²ar{å>]Zh¥qOb'â<^'kfgIqOo,b±c^evak1a1e.q:`n~agIqOo,b_I^
arqOgambdq:
^ramäc^'_kfo,bDb^'kfg<^5mDn~_äÙtá] N´å'æå ^1gEeO^ _{qOx,ba1ec^_o,ngqO^ ^'_gnd^'k8mDjz^1nd^a'm
bqO
^'amAc^'_2k8o,bDbD^rkfg<^1mn~_ä1]Íý°ç Jú´ýbnK<]Låd
ø9bD^ﬀk1ang<^pA^5n<^^'_g°kfo,bDb^'kfgd^5^ac^1mk1a'n<g<^r_z_olpp+agnqvkf^'_.a_o'q:^5bgµ'à^feO^'kfg<nodc^'_.acDab_
e ano,mD^^fg<^1nbD^z^1g*a[mbD^k5an<g^_olpp+agnqvkf^cDa'b_wevan<olmD^*qObdg<^1nbD^

]M^2ga`eO^'a'mDiàco,bDb^
e akfolmD
^1n<gmDn<^ﬀ^1b è c^'_2k1a'n<g^'_*pA^1n^'_Łjo,mn*evan<o,m^EqObg^1n<b^E^5gze an<olmD^^fg<^1nbD^

éêkëtêé êë©gî'pxòD©~ðópD©~ñ*¨ qí m~ïíìï)ó¨pí píw¨îD©~ñ*¨
]¢aÕa'mDg<^g^1b_qOolb^'_g[ap^1bz^1^_mDnevaa,kf^a'n<nq^1n^cdm±k1areOo,nIqOpA^1gn<^janc^r_ka`de:^r_Ek8o,bD¡
b^'kfgd^r__mnc^r_k1a'n<g^'_ajDj^feÖ^1^r_k1a'n<g^'_Õ£amDg^|g<^5b_qOo,b)ø9b^ k1ang<^Ajﬃ^5n<p^1gc^!cUqv_gnqO`DmD^1neva
Õ£amDg^g<^1b£_qOo,b!_mDn°µà^feO^'kfgn<odc^r_2cDab_Łevano,mD^^fg<^1nbD^^1gzàcDa'b_Łevan<olmD^q:bdg<^5n<bD^
d]M^bDolp`Dn<^
S'à
hf
M i l l M a x
CALIBRATION
GND
M 0
B 0
M 1
M 2
B 1
M 3
f 0 f 1 f 2 f 3
LOW
PROFILE
(M0, f 0) Ch 0(M0, f 1) Ch 1
(M0, f 2) Ch 2(M0, f 3) Ch 3
(M1, f 0) Ch 4(M1, f 1) Ch 5
(M1, f 2) Ch 6(M1, f 3) Ch 7
(M2, f 0) Ch 8(M2, f 1) Ch 9
(M2, f 2) Ch 10(M2, f 3) Ch 11
(M3, f 0) Ch 12(M3, f 1) Ch 13
(M3, f 2) Ch 14(M3, f 3) Ch 15
(B0, f 0) Ch 16(B0, f 1) Ch 17
(B0, f 2) Ch 18(B0, f 3) Ch 19
(B1, f 0) Ch 20(B1, f 1) Ch 21
(B1, f 2) Ch 22(B1, f 3) Ch 23
Conf 0
Conf 1
Conf 0(2)
S 3
S 2
Conf 1(3)
Conf 2
Conf 3
C h 12
C h 20
C h 8
C h 4
C h 16
C h 0
Gnd
C h 13
C h 21
C h 9
C h 5
C h 17
C h 1
Gnd
C h 14
C h 22
C h 10
C h 6
C h 18
C h 2
Gnd
C h 15
C h 23
C h 11
C h 7
C h 19
C h 3
Gnd
C
1
_
2
4
G
N
D
_
4
C
1
_
S
_
B
2
1
R
E
S
2
2
_
2
2
C
1
_
2
3
G
N
D
_
2
J
5
C
1
_
2
2
R
E
S
2
2
_
2
1
J
2
J
3
C
1
_
2
1
C
1
_
S
_
M
2
1
C
1
_
S
_
M
2
2
C
A
L
_
M
1
1
C
A
L
_
B
1
C
1
_
S
_
M
1
1
C
1
_
S
_
B
1
1
C
A
L
_
M
1
2
J
1
C
1
_
1
1
J
6
R
E
S
1
1
_
1
2
C
1
_
1
2
J
4
C
1
_
1
3
R
E
S
1
1
_
1
1
G
N
D
_
1
C
1
_
1
4
C
1
_
S
_
M
1
2
G
N
D
_
3
þß d3ã'

D ﬀ'ﬁ

%$&4C
<
$.
W
Û>


Ý
è:f 
á
S
â

á
X{AIH
Ùo,pjangqOp^5bg ú^'_qv_Ig~ab£kf^cMhqOb'â<^'kfgIq:olb²y
Oî
}
è:f 
á
U¤'S
â

á
S è:f 
á
S
â

á
Ô èf 
á
Ô
â

á
µ
Jwnd^1¡'^'kÖÕ£abdgq.e.e:olbDbD^1mn
^

^
ß8   
ßdµ 
ô
3S
ô
3S
ß'   
PRQTSU8ﬂï

*
ﬀﬂ$D>ðÖî
A
ﬂ/!$

/!.3!.4%ﬁ

/!Ł 35ﬁ8;

463"%ﬁ %ﬀ:!.3­2%ﬁ8
*
ﬂ


*
3.$%43"%ﬁ
H
Ùta'n<g<^pA^1n<^ Þè Þ Ùo,pjangqOp^1bg á*qOn<^yIcdp:~}
F ,ià¡,3S
ô
3µ ßBå,ßUµ ¤
.¤
Zµ ,%S¡,3X
ô
3µ ß8 àD%ã
U ,%X¡,3Ô
ô
3µ ß8 ¤
.¤
Hà ,%Ô¡wµ
ô ô
3µ ß8 àD.¤
ZS µ
ô
¡wµ3S
ô
3µ ß8 Sià
æb ,%S¡,3X
ô
3µ ßUµUå,ß1 X%S
æ2µ ,%X¡,3Ô
ô
3µ ßUµUå,ß1 ã%ã
æ¨ ,%Ô¡wµ
ô
3µ ßUµUå,ß1 Ô
æzà µcE¡wµ3S
ô
3µ ßUµUå,ß1 àD%Ô
Kæ µ%S¡³3µ
ô
Rà ßUµUå,ß1 àD%S
PRQUSTXdRà7FV
%$E

4

E$&3!.43W&ﬀ8,!(ﬂ,!

%$.4Z,! 
<
$&,!
H
SlS
è ﬀñòbDolpqOba1eO^y} ñ®g<^'_Igy}
l
¤1à,¡/,%S µ,S
ôeô
1X
ôô
l3S'¡,l3X µ%
ôeô
1S
ôô
l3X'¡,l3Ô µﬂ
ôeô
{
ôô
l3Ô'¡{µd
ô
¤
ôeô

ôeôô
µd
ô
¡{µd 1S
ôeô
ãlS
ô
µd8¡{µd 1µ,S
ô
¤rS
ô
µd'¡{µd3S 
ôôeô
XlS
ô
µd3S'¡{µd3Ô µ%
ôeô
fà
ôô
µd3Ô'¡d3µ 1Ô
ôeô
%
ôô
PRQTSU¨d3SﬂAï

*
ﬀﬂ$ ﬂ

%ﬀ'4ZÉ4Zﬁ'!.3"%ﬁÆ>
TóﬂA
? ?
*
3W&ﬀ

{  %ﬁﬂ!
*
\%$]2 "%ﬁ
*
3W&ﬀﬂ3ﬂ >ﬁ8"%Ł35ﬁ8
*

A
4
? ?
*
3W&ﬀ

#Ł %ﬁﬂ!
*
\%35$>4Z,!.4
AIH
cd^k1ang<^Õ£amDg^g^1b_qOolb´^'_Ig9e.qOpqOgd^5^ a¢_mdq:la'bgèaa_^5jDgcDa'b_9e a n<olmD^^fg<^1nbD^^1ggIôzo cab_9eva
no,mD^q:bdg<^5n<bD^ adkf^rkÖqjﬃolmDnze.qOpqOg<^5n*eO^bDolp`Dn<^[c^ka'`eO^_Io,ng~abdg2cdm|k8n<¯
o
_Ig~a'gzjo,mDncd^'_Łnarqv_olb_c^
k8o¢mg1§ýbAajje.q 
mD^arqOb_{qmDbD^Õ£amDg^g<^1b£_qOo,b ja'n2jare.e.qO^1ncdo,bdgŁeO^'_zlareO^1mDn_2_olbgtn<^1jo,ngd^1^r_2cDab_
eO^g~a'`eO^'amﬃd3Sd]¢and^1jo,b_I^cmAk1a1e:olnqOpA^1g<n^am jal_<_ax,^chRmDbD^ja'n<gIq k8meO^´^1gabdg
õ~ö
Öø÷rù
ûúAü
Öý
G
þ ß 
ö
Ö ÷1ù

`
ý
G
ú

Öý
G
yCd3µU}
om
÷rù
^'_gzeO^n~a'jDjo,n<gch^'k~Õabdgq.e.eOo,bDb£ax,^Ia
ü
þ ß 
ö
^r_gzeO^k~Õapj×^feO^'kfgnqv
mD^^1bgn<^mDbAa`_Io,n`ﬃ^5mDn
^5gzmDbD^A^feO^'kfg<nodc^ a
e{hqObg^1n<lare.eO^a'`_oln<`^1mDn¡'^8e:^rkfg<nodc^^1g ^'_IgŁevacUq.³^1n<^5bkf^c^jo,g^1bdgqO^fe]aDmDbD^
Õ£amDg^2g<^1b_{qOo,bjanja1e6e.qO^1nyÚkfo,b_Ig~a'bg^9ja'n_^rkfg<^1mnZÕamg<^2g<^5b_qOo,b}a
laﬀqObcdmqOn<^mDbD^2lanIq a'gqOo,b
cdm±_qOx,ba1etp^'_ImDnd^aeh¥qObdg^1nIq:^5mDnc^kÖÕalUm^_^'kfg^1mDny
÷1ù
^5g9A,a'nqO^1bdgf}M]¢a kfolb_
^'
mD^1b£kf^cMhimDbD^
Õ£amDg^Eg^1b_{q:olb|ja'n9j£are.e.q:^5n_mDn2eO^_qOx,ba1e^'_IgcUqv_<kfmDgd^cDab_zeva_^rkfgqOo,b à3S%µ
	
 
ﬁﬀﬃﬂ "!$#  &% '(#*) 
]ZhI^feO^'kfg<no,bqv
mD^k~Õa'mc^^r_gzehI^feO^'k8g<n<olbqvUm^ÕDo,n_9cm±k8n<¯
o
_Ig~a'g1zø9bD^ja'n<gIq:^^r_gjeva,k^1^_mDn
eO^ k8n<¯
o
_Ig~a'g{aZa1ubc^e6qOpqOg<^1nevaeOo,bDxlmD^1mDn+c^'_ka`de:^r_&a2aeva²_Io,n<gIqO^ c^'_gn~a1
^1n~_
^1^'_ ^5g~ab£kÖÕD^r_+;a
cab_e:^r_k~Õa,__qv_äÖPno,bdg~amdzådZ]Zh3a'mDg<n^ja'n<gqO^ a>kÖÕ>a,_<_{qv_c^ÇäÖeO^'k8g<mDn^c^_o,ngqO^Vå'aH^'_Igjeva,k^1^^1b
cd^1ÕDo,n_9cdm²c^1g^'kfg^1mDnáñ2]¢áEß|yÖa^5b
qOn<o,bAmDb±kÖqOb
mabdg~a1qObD^c^pA^5g<n<^r_2cm±cŁ^1g^'kfg<^5mDnf}>^1g9n^fe.q8^
a'mAk~ÕZa,__qv_zPn<o,bdg~a'mAjanﬀc^'_2kda`eO^'_2o,jDgIqvUmD^r_f
]ZhI^feO^'kfg<no,bqv
mD^EPno,bdg~a1e:^la^fg<narqOn<^eh¥qObPo,npa'gqOo,b²`n<mDg^c^e{hI^1bD^1nxqO^cŁ^1jo
_
^1^cab_*eO^'_
k8^fe.e:mde:^r_2cmAk1areOo,nIqOpA^1gn<^^5b×^'k~Õabdgq.e.eOo,bDba'bg^1gtbmDp^1nIq _abdgzeO^_qOx,b£arewajDn5^'_Łeh3a1
oqOn2a'pjde6q.u°^^1g
pqv_z^1bPoln<p^
ﬃÙ^1gg<^9qObPoln<p+agIq:olb|`DnmDg<^^'_Ig2kfolpjo$_U^1^c^k~q:b£Ø^'k~Õabdgq.e.eOo,b_Umdq_olbg2^5b_mqOg^
^5b
o'¯^'_ZÕDo,n_2cmAcŁ^1g<^rkfg<^1mnz
^1n_weO^kÖÕZal_<_{q _2cd^[eO^'k8g<mDn^c^_oln<gqO^
]ZhI^feO^'kfgn<o,bdq 
mD^Pn<olbgareO^j^1n<¡
p^1gﬀ^1x$areO^1p^1bdgc^k1a1e6qO`Dn^1nZevakÖÕ£a
ù
bD^c^zehI^8e:^rkfg<no,bqv
mD^c^zeO^'kfgmDn<^
l]ZhR^5b_^1p`de:^°c^'_Holjz^1nagqOolb_
^8³M^rkfg<mt^5^'_Z_olbg°kfo
o,nco,bbz^1^'_tar
^rk°eO^ﬀ_¯_g5^5p^ﬀc^ﬀcŁ^'kÖeO^1bk~ÕD^1p^1bdgZcd^bqO
^'am9^5bkfolppmbqvk1a¡
gIqOo,b j^1n<p+abD^5bg^a1
^'k°eO^k~ÕZa,__qv_°Pno,bdg~a1e:^$]¢an<^'kfolb_gn<mk8gqOo,bAc^ehI^1b^1n<x'q:^^'_Igz^f³^'k8g<mt^1^[cDab_
eO^'_k1a'n<g<^r_äaú´ý-,å±cmäkÖÕZal_<_{q _+c^e:^rkfg<mDn^Ac^A_o,ngqO^
2Ù^Ac^1n<bdq:^5n^'_Ig^1x
a1eO^1p^5bg^1bÚkfo,bdg~alkfg
./¿&1LC¾0/{{GC.~;CC6C{Z¾n1& {C¾U;&;¾´C¦32{¾&&.{¥b5461.¾¾¾U;ONLCC6¦.º7/{;&8c¦6.{»
SlX
j^1npa'bD^1bdga1
^'ke:^Ac^rkÖeO^1bk~ÕD^1p^1bgc^|bdq:
^ram Aaru£b®cMh%a1â<m_g^1neO^²c^5pa'n<n~a'x,^!c^ehRÕo,neOolx,^
ch^'k~Õabdgq.e.eOo,bDb£ax,^Ajann~a'jDjo,ng²a|eh3annqO^1^Ac^e{hI^1
^1bD^5p^1bdg1Kend^'kfmDj^1n<^^1x
a1eO^1p^5bgc^r_Eq:b¡
Poln<p+agIq:olb_|_ImDneh^1^1bD^1p^1bdg{akfolpp^eO^±bmp^1nocmëkfn<o'qv_^1p^1bdg c^|arqv_kf^'amea°eh%an<nIqO^1^±^1b
g^1pj_&aM^5g~k%a¢a1ubcMhio,nco,bDb^1ne:^r_colbDbz^1^'_gn~ab£_pq _I^'_Ej£anEehI^feO^'kfg<no,bqv
mD^Pn<o,bdg~a1eO^
ñsolmDg<^eO^'_
qObPoln<p+agIq:olb__mDne{hI^1^1bD^1p^1bdgy,^1bD^5n<xqO^jank8^fe.e:mde:^IaMg<^1pj_.aﬃ^1gk}°_o,bdg^1b£_mqOg<^^1bd
o¯^1^'_z
^5n~_
eh%a,k1
mqv_qOgqOolb±c^'_2colbDbz^1^'_8
]¢au£x,mDn^
ô
po,bdg<n<^eO^_<k~Õz^1p+ac^eh^feO^'kfgn<olbqvUmD^cd^EeO^'kfgmDn<^ÕDo,n_Ecdm±kfn<¯
o$_g~a'g{aa1
^'k
eO^'_ze.qO^1b_2^1bgn<^eO^'_k1ang<^'_cMhI^8e:^rkfg<no,bqv
mD^
]M^'_zPo,bk8gqOo,b_ﬀc^'_2cUq.³^1n<^5bg_9kfolpjo$_<abdg~_ﬀc^e{hI^feO^'kf¡
gn<olbqvUmD^k~Õam£c^_^1no,bdga'`ﬃoln~c^5^'_*jde:m£_*^1bAc^5g~arq.e°ajangqOnﬀc^e a+_^'kfgIqOo,bA_mqOlabdg<^$
]ZhI^feO^'kfg<no,bqv
mD^k~Õamcd^^'_g2qvc^1bdgqvUm^jo,mnEgo,m_2e:^r_Ec^1g<^'k8g<^1mDn_a+an<xlo,b²e.q 
mqvc^ ch3áñz¡
]¢áß8a¢k,hi^'_g¡~a'¡{cUqOn^eO^'_k1a1e:olnqOpA^1g<n^'_|^feO^'kfg<no,p+axlbz^1gqv
mD^'_g<o,bbD^'am±^1g`o,mk~ÕDolba1q:b£_q
mD^eO^1mDn
jn^1¡'^'k~Õabdgq.e.eOo,bDbD^5mDn{azeO^±k1areOolnqOpA^5g<n<^±Õalcn<olbqvUmD^±`o,mk~ÕDolb y^fk8^1jDgd^ eO^'_jDnd^1¡apje.q.uk1a'g<^1mDn_

mq>_I^g<no,mD
^5bgﬀcDab£_*eh3anx,olb e.qvUmdq cd^,}2^1g2eO^k1areOo,nIqOpA^1gn<^arla'bg#a£ehR^5b_^1p`de:^n<^1jn^'_I^1bgabdg2^1bD¡

qOn<olbÇ1ã
ôôôeô
k1a'bamZ]M^r_k~ÕZa,__qv_EPn<olbgam cmäkfn<¯
o$_gag`olmkÖÕo,b_Io,bdgajDj^fe8^'__Ig~ab£cDancD_
eOoln~_<
m¢hq6ev_kfolbgIq:^5bDbD^1bdgsehI^feO^'kfg<no,bqv
mD^c^zeO^'kfgmDn<^°cMhRmb_^5mec^1g<^'k8g<^1mDn^1g>_olbga'jDj^fe8^'__jt^rkÖqvam
eOoln~_<
m¢hq6ev_kfo,bdgqO^1bbD^1bdgwehI^feO^'kfg<no,bqv
mD^c^9eO^'kfgmDn<^ﬀcmAk1a1e:olnqOpA^1g<n^|^feO^'kfgn<o,p+axlbz^1gIq 
mD^`o,mk~ÕDolb
^5gcmAk1areOo,nIqOpA^1gn<^Õa,cno,bqv
mD^`olmkÖÕo,b¢
LZbubeaq.e^r_gc^1p+abc^²a kf^
mD^ehI^feO^'k8g<n<olbqvUm^c^eO^'kfgmDn<^D¢Ý<}2jmqv_<_^²^1gn<^+k1aja'`eO^ c^
p^'_ImDn<^1n°c^'_^1b^1n<x'q:^r_2c^S
ô
N|^{¬y{bdq:
^ram²cdm`n<mqOgf}[aŁñs^{ ar
^rk9jDnd^rkÖqv_qOo,baÝ{Ý<}>jDmqv_<_I^ ^1gn<^
k5are.qO`Dnd^1^a1
^'kjDnd^'kÖqv_qOolb²jﬃolmDnUm^EevakfolbgnqO`DmDgIq:olbcd^Eeva k1are.qO`Dn~a'gqOo,b cDab_2e:^g^1n<p^kfo,b£_g~a'bg
_IoqOgŁqObr^5nqO^1mDn^a
ô
3µ,S:9:adÝ{Ý{Ý<}>a1q:gtmDb`DnmqOgkfo,Õt^1n<^1bdgZbt^5xe.qOx,^'a'`eO^y;S:9}ja'n2n~ajjﬃoln<ga'm`Dn<mdq:g
qObk8o,Õt^1n^1bdg{aZÝ=<}jDmdq __^^'kÖÕ£abdgq.e.e:olbDbt^|eO^²_{qOx,ba1ea1
^'kmDbD^ Pnd^'
mD^1b£kf^ c^ à:> N9´ã^1gbD^Aja,_
qObdg<nodcmqOn<^c^g<^5pj_poln<g#a?<ﬃ}w_oqOgk1a'ja`de:^c^nd^'_qv_g^1namd n~alcUqvagqOolb_9q:pjo,ng~abdg<^r_2cmA]EÙ
^5g@<Ý<}wa1
oqOn2mDbD^arqO`eO^kfolb_olpp+agIqOo,b²^1g2mDbAkfo¢mDg`al_f
ACBjiCBD E(F oGFﬁHﬂpJI qBkImKInop?H?L2¨©IªNMI¬«H?L2¨Rp?FRmKI
]M^±ja,__<a'x,^äcMhRmbD^´j£an<gIqvkfmeO^cDa'b_eO^k1a1eOo,nqOpA^1g<n^´qObcmqOg²mDbë_qOxlbaregnqvabDxlmevarqOn<^Ú_mDn
ehI^feO^'kfg<nodc^
]¢apo,bdg^1^n~a'jqvc^cm!_qOx,ba1e]aHk8o,n<n^'_jolbcDabdg+aehq:olbqv_<a'gqOo
bc^e{h%anx,o,bea¢c^
mD^feO¡

mD^'_babDo$_^'k8o,bc^r_E^'_Ig_ImqOUqOgja'nmDbD^e:^5bg^c^rkfn<o'q __<a'bkf^ y
Ö
µO>P>¡XO>O>²b_c^1j^1b£cDabdgc^èa

o'qOnzux,mDn^àDlSU}°cmD^+aEevac^1nqO
^c^r_^feO^'kfg<no,b_2cab_zeh3anx,olbe.qvUmqvc^$sÙ^_qOxlbare>g<nIq a'bDx,mde a1qOn<^ a
n^1jDnd^'_^1bdgd^t_ImDnseva9uxlmDn<^	1a'a,^'_g>^1b_mdq:g^2_Io,n<gIqcmkfn¯
o
_Ig~ag^1g^1bd
o¯^
^1n~_MmbD^k1ang<^Pn<o,bdg~a1eO^
yjULæ9}cDa'b_ze alUm^fe.e:^
olbg_8hR^f³^'k8g<mD^1neO^'_*oljz^1nagqOolb__mdq:la'bg^'_
^
jDnd^1¡apje.q.uk1a'gqOo,b eO^_qOxlbare^r_gapje.q.u2^jo,mDnﬀpqObqOpq _I^1n2e{hqObmD^1b£kf^cmA`Dn<mdq:gﬀ
mqZ^r_g
ap^1bz^a|^1g<n^9qObgn<odcmdq:g[cDab_2e ak~Õa
Q
bD^cMhI^feO^'kfg<no,bqv
mD^

^
pqv_^ﬀ^1bPo,n<p^cmA_{q:xlbareUeO^g<^5pj_tc^cŁ^1nIq:
^[c^'_^8e:^rkfg<no,b_^1gabdg2g<no,jqOpjo,ng~a'bgjan
n~ajjﬃoln<ga'm²g<^1pj_c^kfnoqv_^1p^1bdgcd^Earqv_kf^'amdyIµlSb_~}aﬃeh¥qObPoln<p+agIq:olb_ImDn9eva
mabdgqOgd^
cMhI^1b^1n<x'q:^Ac^5jﬃo$_
^1^!cDab£_mDbD^Akf^fe.eOmeO^±cmÚk1areOo,nIqOpA^1gn<^A^'_g+co,bbz^1^|j£ane{h%apje.qOg<mc^±cdm
_qOx,ba1e]M^_qOx,b£are¢^r_gzpqv_^^1bPoln<p^9ja'nzmDbuDeOg<n<^ﬀ`qOjﬃo'evarqOn<^ÙR*¡5R9Ù¡S­%>OTd]M^9bDolmD
^'a'm
_qOx,ba1e>ac^1meOol`ﬃ^r_
^
ehq:bdg<^5x,n~a1eO^c^ŁevazPo,n<p^z^r_g¢bdme.e:^
^
^'_Ig¢jDnd^'_I^1bdg^t_mDn¢eva*uxlmDn<^	f`¢
U
b±j^1mDgo,jgqOpqv_I^1neO^najDjo,ng_qOx,b£are_ImDn`n<mqOg^5bk~ÕDoqv_{q __<a'bgmDb±g<^5pj_c^pq _I^^1b
Po,n<p^yCV
ß 
öWYXZ
}talcŁ^'
mag(eO^`Dn<mqOg ^feO^'kfgn<o,bdq 
mD^yIchR^1pjq.eO^1p^5bg8}cUqOpq:bdmD^yIamx,p^1bg^,}
e:oln~_UmD^+CV
ß 
öWYXZ
c
q:pqObm^
ŁÙ^g^1pj_EoljDgqOp+are2la'nqO^®^1x
a1e:^5p^1bdg^5b PolbkfgqOolb®c^èMnK{e2a
^1gd^k~ÕDoqv_{qaa1ubcd^pqObqOpqv_^5n[eO^`Dn<mdq:ggo,g~a1ey,^feO^'kfgn<olbqvUmD^ Û ^1pjq.eO^1p^1bg8}amDb±g<^1pj_
c^pqv_^^1bPoln<p^EC[V
ß 
öWYXZ
^1x
a1e°a 5Sb£_\S@%	T{
S
¤
La
ye
r S
um
Shapers
Calibration
DAC
LcRc
Clock
I
Preamplifiers 
S
Buffering
      &
    ADC
Calorimeter
Monitoring
Optical Link
T=90K
Cd
Front End  Board Tower  Builder Control
R
O
D
Sy
st
em
 C
on
tro
l
CP
U
LEVEL 1
PROCESSOR
LEVEL 1
INTERFACE
CTP
TTC
Trigger Cavern
External Triggers
40MHz CLK
LV1 Acc.
Control
Reset
32 Bits
40 MHz
~
18
0k
~
15
k
NetworkDAQ
S
TT
C 
In
te
rfa
ce
Cryostat
On Detector
R
ea
do
ut
 C
ra
te
 (6
0)
Fr
on
t E
nd
 C
ra
te
 (6
0)
M
ot
he
rb
oa
rd
Controller
SC
A 
 (1
44
 C
ell
s)
]ﬁ^3_a`bdc>fegihkjml
noqp r6ntsvu
l
nswn
hyx3z{O|?}3~
n	r6nswn
hyx36z
nqrGu 
ó

g
r6n
h
pOs
{Oz}
on
x3z
n
l
nsdn
hyxz{
oqp
|l
nŁ
x3}3~y
nq
x5{O|?|
np

n
x{O?hkjJ{O|
n
x
r
 h
pOs
{Ozy}
on
xz
npOp
|?x=G@{Ofz
swn
h
pOs
{Ozy}
on
x3z
n
j
p:r
z{O|?}3~y
n
{O
Ł
hjJ{O|6
swn@
zﬁl
nŁpOoNis
} h
p
x
n
fz
\n
x3z{O
On
|?x
r:p
|
sKup
z

{O|
s
}3~yf}
r6n

SlÔ
wb+mD^ﬀc^bdmDp^1nqv_I^1nŁeO^_{q:xlbare>a1
^'k2mDb k8odcDaxl^_ImDnc5µ`qOg~_UeO^_qOx,ba1e^'_g°apje.q.u2^cDab_
g<n<o'qv_wx$arqOb_tc^2n~a'jDjo,n<g-cåc>Uåc>P>y{`al_Öå1po'¯
^1bMå5ÕamDg8}~DÙ^ﬀkfodcDaxl^_ImDnc1µ`qOg~_Z^1g>^1bg<noqv_
x
arqObAjﬃ^5n<p^1g2c^kfolmDdnqOn9go,mDg^e ax
a'pp^^1bÚ^1b^1n<x'q:^n^'Umdq _I^ar
^rk9mDbD^arqO`eO^^1n<n^1mDnc^
bmDp^1nIq _agIq:olb¢

_o,pp+agqOolbcm_qOx,b£arecDa'b_ZmDbD^tg<o,mnﬁè
ú
q >f¡wc
ú
>6¡wctjank8o,pjangqOp^5bg5,]M^°_qOx,ba1e
c^'_kfo,pja'n<gqOp^1bdg~_Łla^1b_mdq:g^^1gn<^ﬀ_o,pp^cDa'b_Łevak1a'n<g^ä1ñ¢o'ôz^1n°æzmq.e cd^1nåcm _<k~Õt^1p+a
bwc[>E^1g^1bd
o'¯^a'mAcŁ^'kÖeO^1bk~ÕD^1p^1bdgZcd^bqO
^'am¢c
mqcŁ^'kÖqvc^cd^_
^feO^'kfgqOolbDbD^1ne{hI^1^1bD^1p^1bdg
o,m bDo,b
ab
]ﬁ^3_a`?bwcPcOe
p"Ł
g£}

|
pOs
}¤|
r
6}¤x

fz
sKu
l
nswn
hyx3z{
r6n
0
Ł
g¥}

|
pOs
l
n
hj
p
|?x}
sds
{O|?|(l
n¦pk
z
ns§p¨o
}
n\n
|
\
{Oz
o©n


^'k~Õabdgq.e.eOo,bDb£ax,^­a à:>«ª*¬ãcm_{qOx,ba1eaeva|_oln<gIq:^c^eva pqv_^^1b²Po,np^
]ZhRÕDolneOo,xl^^r_g
a1â<m_gd^1^:,
qva[evak5an<g^cd^kfo,bdg<nloeO^^1bk8o,ppmDbqvk1agIqOo,bAa1
^'kŁevañ2ñ9Ù^1gZeO^c^'kÖeO^1bk~ÕD^1p^1bdg
c^9bdq:
^ram*cPUjolmDnUmhRmDb+c^'_^'kÖÕ£abdgq.e.e:olb_2_o'qOgcDab_zmbqObdg<^1n,a1e.e:^c^­ µb_za'mDg<olmDnc^
e{h%apje.qOg<mc^pa1qOp+areO^


_g<odk®laxl^cd^'_^'k~Õabdgq.e.eOo,b_cDab£_*mDb^Ep^1poqOn<^[aba1e:olxqv
mD^^1bAagg<^1bcabdgze ac^'k~q _{qOo,b²cdm
cŁ^'kÖeO^1bk~ÕD^1p^1bdgtc^bqO
^'am¯cjﬃolmDn2e abdmDp^5nqv_<a'gqOo,b¢

bmDp^1nIq _agIq:olbc^'_ ^'kÖÕ£abdgq.e.e:olb_yIá-,EÙ2}\e¢mDb­areOx,olnqOg<ÕDp^ _I^feO^'kfgqOolbDbD^e:^x
a1qOb amDgIq.e6qv_I^1n
^1g
magn<^®^'k~Õabdgq.e.eOo,b_+amDgo,mDn+c^eh^'k~Õabdgq.e.eOo,bÚcMh3a'pje.qOg<m£c^|p+ardqOpa1e:^±y{mDgIq.e6qv_
^±cDab_
e{h%areOx,olnqOg<Õp^ cdmk~ÕDoq.­c^x$arqObM}[_o,bdgbmp^1nIqv_U^'_a1
^'k[eO^p²^5p^x
arqObG>_o'q:gmDb±g<o,gare°c^
kÖqObØ^'k~Õabdgq.e.eOo,b_8

g<n~a'b_pqv_<_{q:olbcd^'_9k~q:b£×^rkÖÕa'bgIq.e6eOolb_jan9e.qO^1b²oljDgqv
mD^
^1n_°evan^'kfolb_gn<mkfgIqOo,b±cm!_qOx,ba1e
^f³^'kfg<mt^1^ja'nze:^r_ä[R
U
,ﬀ_kåcDab_zeO^k~ÕZa,__qv_äÖeO^'kfgmDn<^c^_oln<gIq:^oå
Slã
ß
mn²k~Õa,
mD^­k1ang<^­cMhI^feO^'k8g<n<olbqvUm^´Pn<olbgareO^×yK°±Łæ9}+_Io,bdg²kfolbDbD^'kfgd^'_²c5µ,Ô®k1a'bamd jDno,¡

^5babdg~_Ac^'_²c^1g^'kfg^1mDn~_8@³eamcdn~aarqOb_q+^1bdUqOno,b µ,SP>´°æ2_|jo,mn ^'Umdq:j^1n²mbD^n<o,m^×cdm
k5areOo,nIq:pA^1gn<^`o,mk~ÕDo,bA^1g_olb|jDnd^1¡'^'kÖÕ£abdgq.e.e:olbDbD^1mnarub!c^kfo,mnIq:nzeO^'_b6c5Ô6c5µk1ab£am
ACBvµCBvµ E(F·¶GFﬁH6¸JIº¹-Iº¶GFﬁ»I©K¼H?F¸©L2¨
½9b^c^r_zkfolbgnqO`DmDgIq:olb_cDab_ŁeO^g^1n<p^ﬀkfo,b_Ig~a'bgtUqO^1bdg2c^e ak~Õa'
Q
b^c^2e{hI^feO^'kfgn<o,bdq 
mD^c^
eO^'k8g<mDn^
dá*ub c^ﬀn^'cmdq:n^kf^1g<g^k8o,bdg<nqO`DmgqOo,b e:^ﬀjeOm_*jo$_<_qO`eO^:Dq.eMa'mDg^1gn<^k5aja'`eO^cd^k5are.qO`Dn<^1n
go,m_ŁeO^'_2k5aba'm cdm|c^1g<^'k8g<^1mDn_ar
^rk9mDbD^`olbDbD^jDnd^rkÖqv_qOo,b¢¥¾o,mDna1
oqOn2mDb+g<^1np^k8o,b_Ig~abdgc^
ehio,n~cdn<^c^>%µ¿9	e ak1a1e6qO`DnagIq:olbcdoqOg9n^1pje.q:n2eO^'_kfo,bc
q:gIqOo,b__ImqOlabdg<^'_SÀcPc1µOTﬁe

e:^­_qOxlbarecMh¥qOb'â<^'k8gqOo,b cdoqOg^1gn<^²eO^´jeOm_ jDn<odk~ÕD^±jo
_<_{qO`eO^®cmë_qOx,b£are+c^±jDÕd¯D_{q 
mD^
°]M^
g<^1pj_zcd^Epo,bdgd^5^coqOg^1g<n^c^ehRoln~cn^cd^[evababo
_^rkfo,bcd^E^5g_<acŁ^'kfnoqv_<_abkf^co'qOg^1gn<^
kfo,pjagIqO`eO^a1
^'kkf^8e6eO^cm!_qOx,ba1eZgnqvabx,mevarqOn^c^jDÕd¯_qvUm^


e ax
app^c¯dbapqvUm^cm!_qOx,ba1e°c^k1a1e.q:`n~agIqOo,b­coqOg^1gn<^k1aja'`eO^c^_{qOpmeO^1nc^'__qOxl¡
bamcolbgzeh3a'pjde6qOgmc^^r_g2k8o,pjana`eO^+akf^fe.eO^cm`DnmqOgyISO>qª|^Á}â<m_Umh acd^'_2apje.qO¡
g<mc^r_^rUmqOlareO^1bdg<^r_aEmDb c^1jZo,g°cMhI^5bD^1n<x'qO^c^mbñ¢^Á cab_zmDb^kf^fe.eOmeO^:DklhR^'_Ig<¡a¡cUqOn<^c^2eva
kf^1bdg~arqObD^c^ba'bDo,¡apj^1n^'_aEe a+cUqãfqObD^c^pq.e6e.qO¡apj¢^1n<^r_f

e a×bo,bD¡PmDbq.Po,npqOgd^®c^´eh%apje.q:gmc^Úcm _qOx,ba1e+_mDn|ehi^1b_^5p`eO^c^'_²k1a'bamd coqOgä^1gn<^
q:bd'^1nqO^1mDn^+aﬃ>d3µ¿9+

e aäk1ang<^cd^k1are.qO`DnagqOolbÜcoqOg±_mjDjo,n<g^1n|mb¬k~Õa'pjpa'x,bt^5gqvUm^´qOpjo,ng~a'bgyÂ c>P>
Ã
a'm_<_~}z^5g2mDbD^Po,ng<^n~alcUqvagqOolbcmn~abdg2mDbD^cUqã'arqObD^cMh3a'bDbt^1^r_f
]M^_qOxlbaretch¥qOb'â<^'kfgIqOo,b´yg<^1b£_qOo,bM}°
mq>_oln<gﬀc^e a+k1ang<^c^k1are.qO`DnagqOolbamDbD^Po,np^^fjo,¡
b^1bgIqO^fe.e:^c^rkfn<o'q __<a'bg^$SÀcPc1µOTﬁe
Ä
þ
y=Å~}²Æ õ
þÇÈ:ÉdÊË
yKbdYbU}
omAõ
þ
^'_ge:^kfolmDn~a'bg2x^1bt^1nd^jan2mDb^g<^1b£_qOo,b¢,9áÙ®y{mDbAkfolb
^5n<gqv__^1mDn2bdmDp^1nqv
mD^1¡aba1eOo,xqv
mD^
cd^c1Ô`qOg~_Ö}
]M^_qOxlbare^'_IgH^1b£_mqOg<^zqOb'â<^rkfgd^°cDab_¢e:^r_Zkf^fe.eOmeO^'_Zjan>mDbD^znd^'_qv_Ig~ab£kf^cMh¥qOb'â<^rkfgqOo,b	Ì
WYXÍ
y5ÎÏÐ6ÑdÒÏ"ÓqbfÔYb¿Õ×ÖÓJØÑdÒÖÙ[Ï"ØÎÒÖGÚ ÛÒØÒÖ0ÏÜ¥Ý¦Þ6Òàß3áPÓ?ØÝ6âdØÓJÝqÙyáOÓ?ØÏ"ÝfÎÔPãÒ@Ö=âwäPÝ¥ÏÑ£åæÒ[Ó?Î@çÒ[ÎØÒå¥ÒØÎÓ?ØÐèÒﬁÑdÒ
ÑdáPÝ?äqÞ6ÒNÑéÏtÑÀâdäPÝ?ÒÞêëâdÝ'âÒÙÎâdáOÝ$å¥ÏØ@Ó?Ý?ÒìPÏ"ØKâéÏ"ÎâdáPÝ¯Þ6ÒNÑ5êëâdÚqå&èÒÞ?ÏÝ¥ÙyÒ\Þ6ÒÖ&Ù6çÏÐ6ÑdÒÖy?å¥ÏØ@Þ6ÒÖ@ÙÏ"å¥ÏPÙkâdÎfèÒÖ
å£Ï"ØÏPÖvâdÎÒÖyGå¥Ï"ØÑ=êâdÝ¥Þ6Ó¥ÙyÎÏ"Ý¥ÙÒqÞ6ÒÖÙ6çÏÐ6ÑdÒÖNáPÓ²å¥ÏØNÑdÒÖNØfèÒyí¥ÒyîfâdáOÝ¥ÖÏÓ²Ýfâwì:ÒÏ"Ó¯Þ6ÒÖ-ÙyáOÝ?ÝJÒyî6âdáPÝ¥ÖÞ6ÒÖ
ÙfçÏ"Ð6ÑdÒÖSÀcPcbOT=Ô¥ãÒ¦ÖvâdäOÝ£ÏÑÞ6Ò¦ÙÏÑïâdÐ?ØÏ"ÎâdáPÝ²ÝGêðÒÖÎ-ÙyÒå¥ÒÝ£Þ?Ï"ÝfÎ@å¥ÏOÖ-ÖÒÝ¥Ö=âdÐ6ÑdÒ ÛÏ¦Ñ5êëâdÝ¥ÞfÓ¥ÙyÎÏÝ¥ÙyÒ(ÒÝfÎØÒNÑéÏ
Ù[Ï"ØÎÒ(Ú ÛÒ[ØÒ(ÒÎNÑdÒ	ÞàèÒÎÒÙyÎÒ[Ó?ØiÙyáOÝfÎØÏâdØÒ[ÚﬃÒÝfÎ\ÏÓñÖ=âwäPÝ¥ÏÑCÞ6Ò(åDÕfò?Ö=âéó¿Ó?Ò	ó:Ó6âﬁÝGêðÒÖÎå£ÏOÖmâdÝ'âÒÙyÎfèÒqÏÓ
Ýfâwì:ÒÏ"Ó$Þ6ÒÖ&ÙÏØÎÒ-Ú ÛÒØÒNÚ	ÏâéÖ@ÏÓ©Ý6âdì:ÒÏ"Ó Þ6ÒNÑéÏ(ÙÏ"å£ÏOÙkâdÎfèÒÞ6Ó ÞàèÒÎÒÙyÎÒÓJØÔ:ãGÏÜ¥äPÓ?ØÒbfÔwcô\å?ØfèÒÖÒÝfÎÒ
ÓJÝ*ÚﬃáfÞiÛÒÑwÒ¯èÒyÑdÒÙyÎØâéó¿ÓJÒqÞ6Ó¯ÞàèÒÎÒÙyÎÒ[Ó?ØÖÙÖÕèÒÚ©ÏÎâéÖÏÝ6ÎÑ=êâdÝ'âÒÙyÎKâwáPÝ¯Þ6ÒtÑéÏ©ÙÏÑÀâdÐ?ØÏ"ÎKâwáPÝõÒÎÞfÓ¯ÖvâdäOÝ¥ÏÑ
ÞfÒåDÕfò?Ö=â¤ó:Ó?Ò:ÔJãêëâdÝ¥Þ6Ó£ÙyÎÏÝ¥ÙyÒó¿ÓfâGÝGêðÒÖÎå¥ÏOÖöì6Ó?Ò÷tå¥Ï"Ø&ÑdÒÖvâdäOÝ£ÏÑøÞ6Ò\ÙÏÑÀâdÐ?ØÏ"ÎKâwáPÝ²ÒÖÎ&ÝJáOÎfèÒãù-ÖÓ?Ø
ÑdÒÖÙ~ÕèÒÚ	Ï6Ô
ãÒ\Ö=âdäOÝ¥ÏÑﬁÞ6ÒÙÏÑïâwÐJØÏ"ÎKâdáOÝ¯ó:Ó6â0ÖKáOØÎÞfÒÖ@ÙyÒyÑïÑdÓ6ÑdÒÖ&å¥ÏPÖÖÒÒÝ¥ÖKÓ6âdÎÒå¥ÏØCÑéÏtÚ*çÒÚqÒ$èÒyÑdÒÙÎØáPÝ6âéó¿ÓJÒ
ÞfÒÑdÒÙyÎÓ?ØÒqó:Ó?ÒtÑdÒqÖvâdäOÝ£ÏÑaÞ6Ò(åDÕfò?Ö=âéó¿Ó?Ò(Ò[Î\ÖÓ?ÐfâwÎÑdÒ(Ú*çÒÚﬃÒÎØÏâdÎÒÚqÒÝfÎtúKÏÚﬃåfÑÀâïÜiÙ[Ï"ÎâdáPÝõÞ?Ï"Ý£Ö-ÑdÒÖ
ÎØáâ¤Ö@ä:ÏâdÝ¥Öy@èÒÙ~Õ¥Ï"ÝfÎâïÑïÑdáOÝ?Ý¥ÏäOÒ ÔwÔdÔÀÕÔ
ãGÏ$ÙÏØÎÒqÞfÒqÙÏÑïâdÐ?ØÏÎâdáOÝñß3áPÓ?ØÝ6âdÎÓ?Ý¯ÖvâdäOÝ£ÏÑÞ:âÀûCèÒØÒÝfÎ\Þ6Òq>ﬃÑdáOØÖó¿ÓJÒ¨ÑéÏ©ÎÒÝ£ÖvâdáOÝõ,áÙ´ÒÖÎ
Ú(âéÖÒ ÛÏﬃüèÒØá*SïcOcôOT5ÔsÙﬁÒ¦ÖvâdäOÝ£ÏÑÝ?áOÝ*ÝfÓ6Ñ5iÞ6áOÝfÎNÑéÏ$ÖáOÓJØÙyÒÒÖÎ\ÞfÓ?Ò$ÛÏ¨ÑéÏﬃåJØ6èÒÖKÒÝ¥ÙyÒ¦ÞêýÓ?ÝJÒ(ÙÏå¥ÏOÙkâdÎfèÒ
å£Ï"ØÏPÖvâdÎÒ ÒÝfÎØÒqÑ=êKèÒÚqÒÎÎÒÓ?Ø\ÒÎqÞ6Ò ÙyáÑÀÑdÒÙÎÒÓ?ØqÞfÒÖtÎØÏ"Ý¥Ö=â¤ÖKÎáPØÖ©Þ6ÒqÑ¤Ï¯ÙÏØÎÒ Þ6Ò ÙÏÑïâdÐ?ØÏÎâdáOÝ×CÒÖÎ
Ïå?å¥ÒyÑèÒ,9áÙ>6ÔJãáOØÖÞ6ÒÑéÏ(ÙÏÑïâdÐ?ØÏ"ÎâdáPÝñÞ6Ó ÞﬁèÒ[ÎÒÙyÎÒÓ?ØﬁáOÓ¢Þ6ÒNÑ5êKèÒ[ÎÓ¥Þ6ÒmÞ6ÒÖ@ÖvâdäPÝ¥Ï"Ó6î×?ÑwÒ,á[Ù>tÒÖÎ
ÖKò?ÖKÎfèÒÚ	Ï"ÎKâéó¿Ó?Ò[ÚﬃÒÝfÎ&ØÒÎØÏ"Ý¥Ù~ÕèÒ\ÞfÒÖNÖ=âdäOÝ¥ÏÓ6î¢Þ6ÒÙÏÑïâdÐ?ØÏÎâdáOÝ×Ô
þ
>
C
A
R
T
E
 
D
’
E
L
E
C
T
R
O
N
I
QU
E 
FR
ON
TA
LE
C
A
R
T
E
 
D
E
 
C
A
L
I
B
R
A
T
I
O
N
CHAUDE
ELECTRONIQUE
CARTE MERE
CALORIMETRE
T
R
A
V
E
R
SE
E 
ET
AN
CH
E
ARGON LIQUIDE
paR
Ld
CdRA
Rinj
R0
L0
r0
]ﬁ^3_a`¿bfÔwc[ô6e:gihkß\l
noqp
z
n
l
nn
|?x
p
|?x
sKu
}¤| 
n
hyx}3{O|
n
x
sïp
hß
p
|
n@r6nswn
hyx3fz
nar6n&sïp
h
pOs
}3yz
p
x}3{O|¥6
n
}

|
pOs
r6nﬁ
ß

}3~y
ntn
x²l
nK:pOsdno©n
|?x@z
n
zﬁl
nn
|?x¥l
np
ﬁ|
r6n\r
}  l
n
z
n
|¥hy}
n
z
swn
hkß
no
}¤|
¥p
zh{O6z
¥p
z
swnr6n
	

}

|
p

"
þ
c
f1.4<|h |<1.5
1.6<|h |<1.8
1.8<|h |<2.0
from 1.6 to 1.8
1.5<|h |<1.6
from 1.8 to 2.1
from 2.1 to 2.5from 2.0 to 2.4
2.4<|h |<2.5
1
.
5
 
<
|
h
|
<
1
.
6
2
.
5
<
|
h
|
<
3
.
2
]
ﬁ
3
_
a

b
6
Ô
d
c

b
f
e


n


z
ﬁ
l
n



n
|
J
x
p
x
3
}
3
{
O
|


o


{
s
}
3
~
y

n
(
r
6
n


(
s
}

|
n


$
r
6
n
h
p
O
s
}
3

y
z
p
x

}
3
{
O
|
r

*
h
p
O
s
{
O
z
y
}
o


n
x
3
z
n
l
n

s
w
n
h

x

z

{
o
q
p
"
Ł

|
t
l
n
x
3
}
3
~
y

n


{
O

J
h
k
ß
J
{
O
|
n
x
r
6
n
©

{
O
|

z
ﬁ
l
n

Ł
l
n
h
k
ß
p
|
?
x
3
}
s
w
s
{
O
|
?
|
n

6
z
[



n


z
n
h
y
x
p
|

O
s
d
n


ß
p
h
k
ß
f

6
z
ﬁ
l
n


z
n
3

z
ﬁ
l
n



n
|
?
x
n
$
s
d
n


h
p
z

x
n


$
o


n
z
n

C

n


h
n

s
w
s

s
w
n


~
y

6
}
\
z
n


h

{
O
}

O
n
|
J
x
(

6
|

}

|
p
O
s

r
6
n
h
p
O
s
}
3


z
p
x
3
}
3
{
O
|

}
o

s
x
p
|

l
n

o
©
n
|
?
x

{
O
|
?
x
t
}
¤
|
Ł
r
}
3
~


\
l
n

n




£
p
z
r
6
n


ﬃ


o


{
s
w
n


}
r
6
n
|
?
x
3
}
3
~
y

n



C

n


h
n

s
w
s

s
w
n


¢
r


z
n

o
}
n
z
	
h

{
o
N

£
p
z
y
x
3
}
o
©
n
|
?
x

{
O
|
?
x
r
6
n


i
s


z
n


l
n
z
ﬁ
l
n

n


a
p
O

O
n
h
N

f
|
n



n
h
k
ß
n

£

n

r
6
n





}

n

o
©
n

n
x
0
x

z

{
O
}

}

n

o
©
n
h

{
o
N

£
p
z
y
x
3
}
o
©
n
|
?
x

{
O
|
?
x
G
z
n


z
ﬁ
l
n



n
|
J
x
¥
l
n


¢

p
t
r
z

{
O
}
¤
x
n

þ
ô
ãGÏ\ÙÏÑÀâdÐ?ØÏ"ÎKâwáPÝ©ÒÖKÎﬁÞ¿âéÖÎØâdÐ?ÓèÒÒ-Þ?ÏÝ¥ÖÓ?Ý(Ý?áOÚ(ÐJØÒ&ÑïâdÚ¨âdÎfèÒ-Þ6ÒÙyÒÑÀÑdÓ6ÑdÒÖﬁó:ÓGêýáPÝqÏ"å?å¥ÒyÑïÑdÒ@ÑÀâdäPÝ?Ò\Þ6Ò
Ù[ÏÑïâdÐ?ØÏÎâdáOÝGÔi³vÑ×ò$ÏqÏ"Ó$ÎáPÎÏÑøó:Ó¥Ï"ÎØÒÑïâwäPÝ?ÒÖÞfÒ\ÙÏÑïâdÐ?ØÏ"ÎâdáPÝ²å¥áOÓJØÙyáPÓ?ìfØâdØNÎáOÓ?ÎÒÖàÑdÒÖÙyÒyÑïÑdÓ6ÑdÒÖNÞfÓ
Ù[ÏÑdáOØKâwÚ ÛÒÎØÒ¯èÒÑwÒÙyÎØáOÚ	Ï"äOÝèÒÎâéó:Ó?Ò(Ð¥áOÓ¥Ù?áOÝ×ÔGãGÏ¨Ü¥äPÓ?ØÒ¦b6Ôwc[bﬃå?ØÒÖÒÝfÎÒ\ÑdÒÖaÑïâdäOÝJÒÖ\Þ6Ò(ÙÏÑïâwÐJØÏ"ÎKâdáOÝGÔ
ÑïÑdÒÖNáPÝ6Î$èÒÎfèÒ¦Þ6ÒÖÖvâdÝ&èÒÒÖåæáPÓ?Ø\ó:Ó?ÒÑdÒ¦ÖvâdäOÝ¥ÏÑÞ6Ò¦ÙÏÑïâdÐ?ØÏÎâdáOÝ Ý?Ò(ÖKá"âdÎÏ"Ú	ÏâéÖCâdÝÒÙyÎfèÒ(Þ?ÏÝ¥ÖÞ6Ò[Ó6î
ÙÒyÑïÑwÓfÑwÒÖNÙyáPÝ¥Ö:èÒÙyÓ?Îâdì:ÒÖ&Ò[Ýi¥ÙyÒÙâGÏÜ¥Ý*ÞfÒå¥áPÓ?ì:á"âdØ$èÒÎÓ¥Þ:âwÒ[ØCÑéÏqÞ¿âéÏ"å?áPÝ6âdÒ:Ô
ãÒÖòJÖÎ[ÛÒÚqÒtÞfÒtÙ[ÏÑïâdÐ?ØÏÎâdáOÝ*å¥ÒØÚﬃÒÎÞfÒä0èÒÝèÒØÒØ&ÑdÒÖ@Îòfå¥ÒÖ@Þ6ÒÞ6áPÝ?Ý&èÒÒÖ@ÖKÓ6âdìPÏ"ÝfÎÒÖ\e

å6âèÒÞ6ÒÖKÎÏÑae?ÚqÒÖÓ?ØÒÞ6ÒÑéÏﬃØfèÒå¥áOÝ¥ÖKÒ(Þ6Ò\Ñ¤ÏqÙ¥Ï"ç

Ý?Ò¦ÞêKèÒyÑdÒÙÎØáPÝ6âéó¿ÓJÒ(ÖÏÝ¥ÖCâdÝÒÙÎÒØÞ6Ò¦ÖvâdäOÝ£ÏÑ5Ô
ãÒÖÚqÒÖÓJØÒÖÞ6Ò$å6âèÒÞ6ÒÖKÎÏÑCÖÒØáOÝfÎ(ØfèÒäPÓ6ÑïâdÒØÒÚqÒÝfÎß5ÏâwÎÒÖﬃú=åfÑwÓ£ÖvâdÒÓ?ØÖ¦ß3áâ¤Ö(å¥ÏØáOÓ?ØÕ	ÛÏ ÑéÏ
ß3á"âéÖNÞJÏ"Ý¥Öﬁﬀ@ãﬂﬃqÒÎ@å¥áOÓ?Ø@ÑdÒÖCÎÒÖÎÖ&ÒÝ©ß5ÏâéÖÙÒÏ"Ó¢Þ6ÒÖ@ÚﬃáfÞ6ÓfÑwÒÖyÔ

ÙÏÑïâdÐ?ØÏÎâdáOÝ¯ÖKÎÏÝ¥Þ?Ï"ØÞ úvÞ6áOÝ?ÝèÒÒ\Þ6Ò\ØÏÚﬃå¥ÒÖÕe6ØfèÒå¥áOÝ¥ÖKÒtÞfÒmÑéÏ(Ù¥Ï"ç

Ý?ÒÞêKèÒyÑdÒÙyÎØáOÝfâ¤ó:Ó?Òå¥áPÓ?Ø
Þ¿âïûèÒ[ØÒÝfÎÒÖ(ìPÏÑdÒÓ?ØÖ$ÞêëâdÝÒÙÎâdáOÝGÔ ﬁÒÎÎÒ¯ÙÏÑïâdÐ?ØÏÎâdáOÝ ÖÒØÏ ß5ÏâdÎÒ*åfÑwÓ£ÖvâdÒÓ?ØÖ ß3á"âéÖ©å¥ÏØ!áOÓ?Ø
úKÏ"Ó£ÖÖvâ0ÐfâwÒ[Ý*Þ?ÏÝ¥Ö"ﬁﬀ@ãﬂﬃ	ó:Ó?ÒÑdáOØÖÞ6ÒÖ@ÎÒÖÎÖ&Ò[Ý ß5ÏâéÖÙyÒÏÓ*Þ6ÒÖ&ÚﬃáfÞ6ÓfÑwÒÖkÕÔ

ß3áOØÚqÒ(ÞfÓ¯ÖvâdäOÝ¥ÏÑ\e¥Ð¥ÏÑéÏòfÏ"äPÒﬃÒ[Ý*ÎÒÚqå¥ÖNå¥áOÓJØtÏì:áâwØmÏOÙÙPÛÒÖ(ÛÏ¨ÑéÏﬃß3áOØÚqÒqÞ6Ó¯Ö=âwäPÝ¥ÏÑaÞ6ÒqÙ[ÏÑïâ$#
Ð?ØÏÎâdáOÝGÔﬂ ﬁÒÎÎÒ(Ù[ÏÑïâdÐ?ØÏÎâdáOÝ¯ÒÖÎÓ?ÎKâÀÑïâéÖ:èÒ[ÒqÞ?Ï"Ý¥Ö@ÑwÒÖCÎÒÖÎÖNÖKáOÓ¥ÖCß5ÏâéÖÙyÒÏÓ6î¯ÞfÒÖ&ÚﬃáfÞfÓ6ÑdÒÖÞ6ÒÖ
ÙÏÑdáOØKâdÚ ÛÒÎØÒÖqèÒÑwÒÙyÎØáOÚ	Ï"äOÝèÒÎâéó:Ó?ÒÖ@ÎáOÝJÝ?ÒÏ"Ó ÒÎ@Ð¥áOÓ¥Ù?áPÝGÔ
%'&vµ'&(% )+* ¶-,/.
0ﬁ11324165
»4*0¶¸78* ¹9*
1:
86¸
2
*<;
ãÒÖ-ÙkâdÝ¥óèÒÙ=£Ï"ÝfÎâïÑïÑwáPÝ¥Ö\Þ6ÒÖÖvâdäOÝ£Ï"Ó6î Þ6Ò(å36òJÖvâéó:Ó?ÒtáPÓ¯Þ6Ò(ÙÏÑïâwÐJØÏ"ÎKâdáOÝõÖKáOÝfÎÎØÏ"Ý¥Ö=ßèÒØfèÒÖÞ6ÒÖ
Ù[Ï"ØÎÒÖß3ØáPÝ6ÎÏÑdÒÖqÏ"ÓÙ¥ÏOÖÖvâéÖﬃÞfÒ ÑdÒÙÎÓ?ØÒ«ÞfÒ«ÖKáOØÎâdÒ«å¥ÏØqÞ6ÒÖ(Ù6çÏÐ6ÑdÒÖ(áOå?ÎKâ¤ó:Ó?ÒÖÔ&ãê7Ï"Úqå6ÑïâdÎÓ¥Þ6Ò ÒÎ
ÑdÒ(ÎÒÚﬃå£ÖÞ6Ó ÖvâdäOÝ¥ÏÑÖKáOÝfÎØÒÙyáPÝ¥ÖÎØÓ6âdÎÖ\Þ?ÏÝ¥ÖNÑdÒÖ(ö?>"@9AÖ÷©å¥ÏØ\Ó?ÝñÏÑdäOáOØKâdÎB?ÚqÒ:ÞﬁèÒÙyØâdÎ\ÞJÏ"Ý¥ÖNÑéÏ
ÖKÒÙyÎKâwáPÝDCJÔYb6ó:Ó6âÓJÎâïÑïâ¤ÖKÒ«ÑdÒÖ©ÙkâdÝ¥ó èÒÙ¥Ï"ÝfÎâïÑïÑdáOÝ¥ÖÔ@ãÒÖ¨âdÝ6ß3áPØÚ	Ï"ÎKâwáPÝ¥Ö$ÖáPÝ6ÎqÒÝ¥ÖKÓ6âdÎÒ*ÒÝfì:áòﬁèÒ©ì:Ò[ØÖ
Ñ5ê7ÏOÙó:Ó6âéÖvâdÎâdáPÝ¯Þ6ÒÖ@Þ6áPÝ?Ý&èÒÒÖÔ
ãÒ¯ÙçÏOÖÖvâéÖ©ÙyáPÝ6ÎKâdÒÝ6ÎõèÒäÏÑdÒÚqÒÝ6ÎqÑwÒ¯ÖKò?ÖKÎ[ÛÒÚqÒ*ÞfÒ*ÙyáPÝ6ÎØOçá"ÑdÒ¯ó:Ó6â-ä?ÛÒØÒ«ÑwÒ¯Ù¥ÏØäOÒ[ÚﬃÒÝfÎqÞ6ÒÖ
å£Ï"ØÏÚ ÛÒ[ÎØÒÖ&Þ6Ò\ÙáOÝ6Ü¥äPÓ?ØÏÎâdáOÝ¯ÞfÒNÑ5êèÒyÑdÒÙyÎØáPÝ6âéó¿Ó?Òß3ØáOÝfÎÏÑdÒ(úKÙáOÚqÚﬃÒNÑdÒÝJáOÚ(Ð?ØÒ\ÞêKèÒÙ=¥ÏÝ6ÎKâïÑÀÑdáPÝ¥ÖtÛÏ
ÑïâdØÒ"ÑdÒÖå¥Ï"ØÏ"Ú ÛÒÎØÒÖÞ6Ó	Ù=Já"âïîqÞ6Óqä:ÏâdÝGOÑwÒÖøìPÏÑwÒ[Ó?ØÖÞ6ÒA"E ÒÎÙÔdÔwÔÀÕiÒÎÑdÒ\öFﬀGﬀ" ÷tó:Ó6â5OÒÝqÙyáPÚH#
Ú(ÓJÝ6âéó¿Ó¥ÏÝ6Î-Ïì:ÒÙCÑdÒ(ÞﬁèÒÙkÑdÒÝ¥Ù?ÒÚqÒÝfÎ@Þ6ÒÝ6âdì:ÒÏ"Ó cO¥ÒÝ6ì:áâdÒÓJÝ*ÖvâdäPÝ¥ÏÑ-ÛÏ(Ñ=êI?áOØKÑdáOäOÒqÏÜ¥Ý¯Þê7Ï?Ó¥ÖÎÒØ
ÖKáOÝõÞﬁèÒÚ©ÏØØÏ"äOÒ Ïì:ÒÙ¦Ñ5êYÏØØKâwìﬁèÒÒ$ÞfÒÖ*èÒìﬁèÒÝ?Ò[ÚﬃÒÝfÎÖÔGãÒ*öFﬀGﬀ" ÷«ä?ÛÒØÒèÒä:ÏÑdÒÚﬃÒ[Ý6Î\ÑwÒ ÞàèÒÙÏÑ¤ÏäOÒ Þ6Ò
Ñ5êI?áOØKÑwáPäOÒ@å¥áOÓJØÑdÒÖÞ6áPÝ?Ý&èÒÒÖ±ó¿Ó6âfå¥ÒØÚﬃÒ[ÎÎÒ[Ý6Î0Þ6ÒØÒÙáOÝ¥ÖKÎØÓfâwØÒ&ÑéÏCß3áOØÚﬃÒÞ6ÓqÖ=âwäPÝ¥ÏÑæÞ6Ò@ÙÏÑïâwÐJØÏ"ÎKâdáOÝGÔ
þ
b
J K LNM O<PRQTS U
V
SWQTXYZQ\[ L^] _`S a b Yca b deS f
ãÒ	ª«áfÞ6Ó6ÑdÒhg6Gä0èÒáPÚõèÒ[ÎØâdÒ	Ïì:ÒÙtÓ?Ý?Ò(äPØÏ"Ý£Þ6Ò©å¥ÏØÎâdÒ	Þ6Ò(Ñ=êKèÒyÑdÒÙyÎØáOÝfâ¤ó:Ó?Ò	Þ?Ï"Ý£ÖmÓJÝ?Òﬃì:Ò[ØÖvâdáPÝ
Ü£Ý¥ÏÑ×Þêijﬀ@ãﬂ!ﬃ¥:ÒÖÎﬁÓ?ÝqÚﬃáfÞfÓ6ÑdÒtÞfÒNå?ØfèÒå¥ÏØÏ"ÎKâdáOÝ ÏìOÏÝ6ÎÑéÏåJØáfÞ6Ó¥ÙÎâdáOÝ¢Þ6ÒÖÚﬃáfÞfÓ6ÑdÒÖ&Þêiﬁﬀ@ãﬂﬃ¥Ô
ﬃ¿Ï(ÙyáOÝ¥ÖKÎØÓ¥ÙyÎâdáPÝ ìPÏtå¥ÒØÚﬃÒÎÎØÒ\Þ6ÒìPÏÑïâéÞ6ÒØ@ÑéÏtå?ØáfÙ¥èÒÞ6Ó?ØÒák$ÙâwÒÑÀÑdÒÞ6ÒÚqáOÝfÎÏäOÒ\ÒÎaÞ6Ò\ÙyáPÝ6ÎØOçá"ÑdÒØ
ÑéÏqó¿Ó£ÏÑïâdÎ6èÒ(ÞfÒÖﬃèÒyÑèÒÚqÒÝ6ÎÖ&ÒÎ&ÑdÒÖ&å¥ÒØß3áPØÚ	Ï"Ý¥ÙÒÖNÞiêýÓ?Ý$ÚqáfÞ6Ó6ÑdÒ(Þ?ÏÝ¥Ö@Ó?Ý?Ò\ì:ÒØÖ=âdáOÝ Ü£Ý¥ÏÑdÒ:Ô
lnmo prq!sutGvﬁw?xzy{w?|H} ~  |~?q 
ãÒ\ª«áfÞfÓ6ÑdÒgÏ*èÒÎfèÒ\ÏOÖÖÒÚ(ÐfÑèÒ-ÒÎ@Ù6çÏÐ6ÑèÒ\Ï"Ó ¾ﬁ¾ﬁª Þ6Ó?ØÏ"ÝfÎàÑdÒÖ&Úqá"âéÖ@ÞêYÏìfØâïÑøÛÏGÓ6âïÑïÑwÒ[Î\c?
Ò[Î@ÎØÏÝ¥Öå¥áPØÎfèÒ¦Ï"Ó j>Ł´Ü¥ÝÓ6âïÑïÑwÒ[Î\ÏÜ¥Ý¢Þ6ÒÑdÒÎÒÖÎÒØÖáPÓ¥Ö&ß5ÏâéÖÙyÒÏ"Ó6î¢ÞêKèÒyÑdÒÙyÎØáOÝ¥Öå¥á:Ö=âdÎØáPÝ¥ÖyÔ
³=ÑGÒÖÎ@ÙáOÚqåæáÖ:èÒÞ6ÒÑéÏtÚﬃáâdÎâèÒ(Þ6ÒÖ¨èÒyÑdÒÙyÎØáfÞ6ÒÖ@Þ?Ï"Ý¥Ö&ÑéÏtØáPÓ?Ò\Òyî?ÎÒØÝJÒúC	¿ÕÒÎaÞ6ÒNÑéÏ¨ÎáOÎÏÑïâdÎ6èÒ
ÞfÒÖﬃèÒyÑdÒÙyÎØáfÞ6ÒÖ@ÞJÏ"Ý¥ÖCÑéÏ(ØáPÓ?ÒâwÝfÎÒ[ØÝ?Ò(úKbfcb6c"ÕÔ
 ﬁÒÎÎÒõÖKÒÙyÎKâwáPÝ Ï"Ð¥áOØÞ6ÒØÏÖÓ£ÙÙyÒÖÖvâdì:ÒÚqÒÝ6Î©Ñ5êYÏPÖÖKÒÚ(Ð6ÑéÏ"äPÒ Þ6Ó ÚqáfÞ6Ó6ÑdÒúKÖÒÙyÎÔC?ÔwcPÔwcÕCÑdÒÖ
Þ:âÀûCèÒØÒÝfÎÖﬁÙyáOÝfÎØPçá"ÑdÒÖÒyûiÒÙyÎÓ&èÒÖÑdáOØÖàÞfÒCÑ5êýÒ[Úﬃå6âïÑdÒÚqÒÝfÎ&úKÖKÒÙyÎÔC?ÔwcPÔYôf6ÖKÒÙyÎ[ÔC?ÔdcOÔYb:Õ"ÑdÒ-ÙÏ"ÐfÑ¤ÏäOÒtúvÖÒÙÎÔ
CJÔwcPÔC6ÕﬁÒ[Î&Ñ¤Ïqó:Ó¥ÏÑïâdÎfèÒ¦Þ6Ó*ª«áfÞ6ÓfÑwÒg úvÖÒÙÎÔCJÔwcPÔ¿ÕÏìPÏ"ÝfÎ@ÑwÒÖCÎÒÖÎÖ@ÖáOÓ£Öaß5Ïâ¤ÖÙyÒÏÓ6îGÔ
9&B&B 
11
*u ¼-»
0ﬁ
* ¹7
:
¹7C»4*
ãGÏ Ñïâdì6ØÏâéÖáPÝ Þ6ÒÖ èÒyÑdÒÙyÎØáfÞ6ÒÖtÒÝ6ÎØÒ(ÑdÒ$ÞàèÒÐ?ÓJÎtÒÎ\Ñ¤Ï Ü£ÝõÞ6ÓñÚqáOÝfÎÏäOÒ©Ý?Ò	åæÒ[ØÚqÒÎÎÏâdÎ(å¥ÏOÖ
ÞiêèÒó:Ó6âdå¥ÒØﬁÒÝ6ÎKâ5ÛÒØÒÚqÒÝfÎ ÑéÏtØáOÓ?ÒÒyîJÎÒØÝ?Ò:Ô êðÒÖÎﬁå¥áOÓ?Øó¿ÓJá"ââïÑ Ï«èÒ[Î6èÒ-Ù=?áâéÖvâ0ÞiêýÒÚqå6âïÑdÒØÑ=êKèÒó:Ó6âdìOÏÑdÒÝ6Î
ÞiêýÓ?Ý Þ6ÒÚ(â$#ÚqáfÞ6Ó6ÑdÒ¦Þ?Ï"Ý¥Ö&ÑéÏ¨ØáOÓ?ÒÒyîJÎÒØÝ?Ò:fÖáâwÎ9C	²èÒyÑdÒÙyÎØáfÞ6ÒÖmúvﬃ« ôu:c
þ
ÕÔ
 ﬁÒ\ÚqáfÞ6Ó6ÑdÒtÒÖKÎÏâdÝ¥Ö=âﬁÙyáPÚﬃå¥áÖ¿èÒ(ÞfÒﬃe


þ
Ï"Ð¥ÖKáOØÐ¥ÒÓJØÖtúKÖKÓ?ØE
þ
ÕÞJÏ"Ý¥ÖCÑéÏﬃØáOÓ?ÒÒyîJÎÒØÝ?Ò\ÒÎbOô©ÏÐ¥ÖáPØÐ¥ÒÓ?ØÖúKÖKÓ?Ø\bPô¿ÕaÞ?Ï"Ý¥Ö@Ñ¤ÏqØáOÓJÒ
âwÝfÎÒ[ØÝ?Ò

C	 èÒÑwÒÙyÎØáfÞ6ÒÖ¨úvÖÓ?Ø:Õ\Þ?ÏÝ¥ÖmÑéÏ«ØáPÓ?ÒqÒyî?ÎÒØÝJÒﬃÒÎbfc èÒyÑdÒÙyÎØáfÞ6ÒÖ¨úKÖKÓ?Ø(bfc"ÕmÞ?Ï"Ý¥ÖÑéÏ$ØáOÓJÒ
âwÝfÎÒ[ØÝ?Ò:Ô ﬁÒyÑéÏﬃÙáOØØÒÖå¥áPÝ¥ÞñÛÏ$c
þ
ÙyÒyÑïÑdÓ6ÑdÒÖ@ÒÝ *Þ?Ï"Ý¥Ö&ÑdÒ(Þ6Ò[Ó6î6âÛÒÚqÒ\ÙyáPÚﬃå£Ï"ØÎKâdÚﬃÒÝfÎ@å¥áOÓ?Ø@ÑéÏ
ØáOÓJÒÒî?ÎÒØÝ?Ò-ÒÎﬃÙÒyÑïÑwÓfÑwÒÖCå¥áOÓJØCÑéÏ(ØáOÓJÒâdÝ6ÎÒØÝJÒ:Ô
ãGÏ(å?ØáfÙ¥èÒÞ6Ó?ØÒtÞfÒÚqáOÝfÎÏäOÒ¦ÖÒÞàèÒØáOÓ6ÑdÒÙyáOÚqÚqÒtÖKÓ6âdÎte

Ý?ÒÎÎáòfÏ"äOÒmÞ6ÒÑ=ê7Ï"Ð¥ÖKáOØÐæÒ[Ó?Ø

ÒÚﬃåfâÀÑdÒÚqÒÝfÎ@Þ6ÒÑ5êYÏÐ¥ÖáPØÐ¥ÒÓ?ØmÞ?Ï"Ý¥Ö&ÑéÏﬃÖKÎØÓ¥ÙyÎÓJØÒÞ6Ó$ÚﬃáfÞfÓ6ÑdÒ

Ü?î¥ÏÎâdáOÝÞ6Ò(Ñ5êYÏÐ¥ÖáPØÐ¥ÒÓ?Ø ÛÏ©Ñ=ê7ÏâéÞ6Ò Þ6Òqì¿âéÖtÒÎÞ6Ò	å6âdáOÝ¥Ö(ÏÓñÝ6âdì:ÒÏ"Ó Þ6ÒÖtÙáOÓ?ØáOÝ?Ý?ÒÖÒÎÞ6ÒÖ
Ï"Ý?Ý?ÒÏ"Ó6î ÞiêëâdÝ¥Þ6Òyî£Ï"ÎKâdáOÝ
þ
C
Absorbeur sans foisonnement
Absorbeur avec foisonnement
z
f
]ﬁ^3_@`-C?ÔwcPe-
sds


x3z
p
x3}3{O|
r
E[{O}

{O|?|
no©n
|?x
rGu
f|
p


{Oz
n
fz[

åæáÖvâdÎâdáPÝ?Ý?ÒÚqÒÝfÎÞ6ÒÖCÒÖKå¥ÏOÙÒÓ?ØÖ@ÖKÓ?Ø&Ñ5êYÏÐ¥ÖáPØÐ¥ÒÓ?Ø

Ý?ÒÎÎáòfÏ"äOÒmÞ6ÒÑ=êKèÒyÑdÒÙyÎØáfÞ6Ò

âwÝ£ÖÎÏÑïÑ¤ÏÎâdáOÝ Þ6ÒÑ=êKèÒyÑdÒÙyÎØáfÞ6ÒÞ?ÏÝ¥ÖaÑéÏqÖÎØÓ¥ÙyÎÓ?ØÒ

åæáÖvâdÎâdáPÝ?Ý?ÒÚqÒÝfÎÞ6ÒÑ5êýÒÖå¥ÏPÙyÒÓ?ØÖKÓ?ØCÑ5êKèÒyÑdÒÙyÎØáfÞ6Ò

Ý?ÒÎÎáòfÏ"äOÒmÞ6ÒÑ=ê7Ï"Ð¥ÖKáOØÐæÒ[Ó?Ø

ÒÚﬃåfâÀÑdÒÚqÒÝfÎ@ÞêðÓ?Ý$Ý?áOÓJì:ÒyÑ±Ï"Ð¥ÖKáOØÐæÒ[Ó?ØÞJÏ"Ý¥Ö&ÑéÏﬃÖKÎØÓ£ÙyÎÓ?ØÒ

ÖÓ6âdÎÒÞ6Ó¢ÙyòJÙkÑdÒ(ÔwÔdÔ
ãáPØÖÞ6Ò\ÑéÏ¨ØfèÒÏÑïâéÖÏÎâdáOÝõÞiêýÓ?Ý?ÒÎÒyÑïÑdÒ¯èÒ[ÎÏ"å¥Ò:iÞ6ÒÓfî$ÚﬃÒÖÓ?ØÒÖNÖKáOÝfÎNØfèÒÏÑïâéÖ:èÒ[ÒÖteÕÙyáOÝfÎØPçá"ÑdÒqÞ6Ò
ÑéÏtå6ÑéÏÝ&èÒyâdÎfèÒÞ6ÒNÑ5ê7Ï"Ð¥ÖKáOØÐ¥ÒÓJØ&Ü?îèÒ¨ÛÏmÑéÏﬃÖKÎØÓ¥ÙyÎÓJØÒ\úKÖÒÙyÎâdáOÝnCJÔwcOÔ7ô¿Õ Õ±ÙyáPÝ6ÎØOçáÑwÒÞ6ÒÑ¤ÏtÎÒÝfÓ?Ò"£Ï"Ó?ÎÒ
ÎÒÝ¥Ö=âwáPÝ*Þ6ÒÑ5êKèÒÑwÒÙyÎØáfÞ6Ò\ÒÎÞ6ÒÑ5êëâdÝ6ÎÒØìPÏÑÀÑdÒ(ÒÝfÎØÒNÑ5êKèÒyÑdÒÙÎØáfÞfÒÒ[Î&Ñ=ê7Ï"Ð¥ÖKáOØÐæÒ[Ó?ØtúKÖKÒÙyÎKâwáPÝzCJÔwcOÔi¿ÕÔ
9&B&vµ ¡
:'¢ﬁ£
8u.
:
»¤* ¹7¦¥
:2¤1:'¢E¢
*e§*
¢ﬁ£
@ÝqÙyáPÝ6ÎØOçá"ÑdÒ@ÑéÏmåfÑ¤ÏÝ&èÒyâdÎfèÒ-Þ6ÒÖﬁÏÐ¥ÖáPØÐ¥ÒÓ?ØÖàÒÝ(ÚqÒÖÓJØÏ"ÝfÎÑéÏå¥á:ÖvâdÎKâwáPÝ Þ6Ó©ÖKáOÚqÚﬃÒ[ÎﬁÞ6ÒÖáPÝ¥Þ6ÒÖ
å£Ï"ØØÏ"åJåæáPØÎÏ"Ó¢ÖáPÚﬃÚqÒÎ-Þ6ÒÑéÏﬃå?ØÒÚ(â5ÛÒ[ØÒtáPÝ¥Þ6Òqúß5ÏOÙÒ(ÏìPÏ"ÝfÎyÕÔﬂ ﬁÒÎÎÒtÚqÒÖKÓ?ØÒ\ÒÖKÎØfèÒÏÑïâ¤Ö:èÒÒtå¥áPÓ?Ø
ó:Ó¥ÏÎØÒﬁå¥á:Ö=âdÎâdáOÝ¥Ö-ÛÏCØÏò:áOÝÙyáOÝ£ÖÎÏÝ6ÎøÞ?Ï"Ý¥ÖÑéÏNØáPÓ?Ò&Òî?ÎÒØÝ?Òú=ØÒ[å&èÒØfèÒ[ÒÖå¥Ï"Ø0ØÏå?å¥áOØÎÛÏaÑéÏCß5ÏPÙyÒÏìOÏÝ6Î
ÛÏ/ Â cOÔi6cPÔfGô6Ô7ô6GôfÔC6ÕaÒÎå¥áOÓ?Ø-Ó?Ý?Ò(å¥á:Ö=âwÎKâdáOÝÞ?Ï"Ý£Ö-ÑéÏﬃØáOÓ?Ò(âdÝ6ÎÒØÝJÒﬃú *Â ôf¡©¨OÕÔ@Ý¯Ï"å?å¥ÒyÑïÑdÒ
ß3áâéÖáOÝJÝ?ÒÚqÒÝ6Î(ÓJÝ?Ò ÞàèÒyß3áOØÚ©ÏÎâdáOÝÞfÒ Ñ5ê7Ï"Ð¥ÖKáOØÐ¥ÒÓJØ$ÞàèÒÙyØKâdÎÒ©å¥ÏØ¨ÑéÏ«Ü¥äOÓJØÒzCJÔwcPÔﬁãGÏ²ÞﬁèÒß3áOØÚ	Ï"ÎKâdáOÝ
ÞJÏ"Ý¥Ö&ÑdÒtÖKÒÝ¥Ö@áOå?å¥áÖ¿èÒtÒÖÎÏ"åJåæÒÑèÒ\í0ÛÒÙ?Ò:Ô
ãÒß3á"âéÖKáOÝ?Ý?Ò[ÚﬃÒÝfÎåæáÖÒå6ÑdÓ¥ÖvâdÒÓ?ØÖNå?ØáOÐ6Ñ5ÛÒÚqÒÖe

ÞêýÓ?Ýå¥á"âdÝ6ÎøÞ6Ò&ìfÓ(ÚõèÒÙÏ"Ý6âéó:Ó?Ò-ÛÏCÑ5êKèÒÙ?ÒyÑïÑdÒ@ÞfÓ(ÚﬃáfÞ6ÓfÑwÒ\eÑdÒàß3áâ¤ÖKáOÝ?ÝJÒÚﬃÒ[Ý6ÎìPÏNØÒÝ¥Þ6ØÒ@Þ¿âªk ÙkâïÑdÒ
Ñ=êðÒÚqå6âïÑwÒ[ÚﬃÒÝfÎfì:á"âdØÒâdÚqåæáÖÖ=âwÐfÑwÒ	ÖvâGÑ5ê7Ï"Úqå6ÑïâwÎÓ¥Þ6ÒÒÖÎ@ÎØáOå èÒyÑdÒìﬁèÒÒ:Ô

ÞêýÓ?Ý$å¥á"âdÝfÎ\Þ6Òì6Ó$ÚõèÒÙÏ"Ýfâ¤ó:Ó?Ò ÛÏ¦Ñ5êKèÒÙ=?ÒÑÀÑdÒÞ6Ò\Ñ¤Ï(ØáPÓ?Ò©e¥áOÝ Ý?ÒtìPÏ(å¥ÏOÖ@å¥áOÓ?ì:áâdØ\ÏOÖÖÒÚ(Ð6ÑdÒØ
Þ6ÒÓ6î	ÚﬃáfÞfÓ6ÑdÒÖÖvâGÑdÒß3á"âéÖKáOÝ?Ý?Ò[ÚﬃÒÝfÎ\ú=áOÓ$ÑéÏ¦í ÛÒÙ=?ÒPÕÒÖKÎ@ÎØáPå âdÚqåæáPØÎÏ"ÝfÎÔ
þ

-4
-3
-2
-1
0
«
1¬
2
­
3®
4¯
8° 10 12 14 16 18 20 22
F cell
Sa
gi
tta
 (m
m
)
F  scan range
Wave 5 (S2)   at h± =2.2a
-4
-3
-2
-1
0
«
1¬
2
­
3®
4¯
1.4 1.6 1.8 2 2.2 2.4
h
²
Sa
gi
tta
 (m
m
)
h
±
 scan range
Wave 5 (S2)     F cell³  = 10b
´ﬁµ·¶¹¸ºCJÔYô»½¼º¾¿ÁÀF¾ÂÂ-ÃÅÄÆÃÂÇ!È Ä/¾ÃÅÂÂÉÃ!ÀÊËÌÍ	ÎÀF¾Ë?ÎÏÃÊËÀ ÐhÑÃÒ(ÓÔ¾ÂÑÃ+ÕnÖuÍ×ÃÂ+F¾ÂØÏÇ·¿·¾ÂTÑÃÙÚÜÛÞÝIÝ
È©ßà¾ÊË+ﬂá"âãÁâÏÐäÃÇ/Î×æåÍçRßà¾À¿ÜÇÞ¿·¾ÂÀèÃÂéêßà¾ÊË/ÙÚÜÛ·ÝIÝìë íFgãïî{ÃBÀnÒ¿ªðÂ-ÃBÀñÃËÇ·¿·ØÍÒÁÃBÀØ¾Â3ÇÞ¿ÜÂÊÃBÀ
ÑÉÃÅÒ¿ÜÄ+¿ÜÇ4ÃÅÂÇGÒÁÃBÀÎÍÒªÍòÍ?ðÃ+ÃÂÆDÃÅÇuÙäÑÃBÀÍÂÍÒÀÃóÀ+ÑÃóÀEÀÃóØÏÇ·¿·¾ÂÀ9çãÞôÃÅÇuçãÞõã
ö
Þê÷ø*å¥áâÁøù(Þúﬃì÷*åfòû=â¤ó	÷ú»ü5êýå?åýþKâ$ùâdáøÞêI÷ø ß3áâßûáø3øú /ú?øù!úû¤ùýyá ﬃåàý"äøèú©ÞêI÷øú
ìýþâßýùKâdáø ÞúÆü=êâ$øùóú?þìý üªü$ú èúÏü$úÏùóþáfÞúF# ýûáþú?÷þ	ï ﬁúüÜý«â$ø¥Þ÷6â$ùn÷øú$ìýþKâßýùâdáø Þ÷
ý ﬃå
èúÏü$úÏùóþâéó	÷ú\Þ6áø"÷øú-ìýþâßýùKâdáø*Þ3ýøûjüßýyáü©ü$úùâdáø Þúýþäú9ú?ùGýâÁøàûvâ0Þú"ü5êý qåüïâ$ùB÷¥ÞútÞ÷
ûvâdäøý?üà ﬁúüÜýåú?÷ùÞú[ì	ú?ø6â$þ÷3øúûá÷þÏúGøJáø/ø&èúäüïâdäú ýü$ú\ÞúGøJáø+÷ø6âïß3áþ (âÁùfèúÞú üÜýEþfèúå¥áøû¤ú
Þ÷ Þàèú?ùBúÏùBú?÷3þ
ã-ú ﬃáøùÅý"äú©Þ÷«áfÞ÷ü$úng©åú?÷ù	çú?ùóþBú	Þ¿âdì¿âßû:èúÆú?ø¯Þú?÷fî¯åýû¤úûH» ÷øúqåþBú (âú?þBú(å3ýû¤ú
ú5åýû4úﬂýì	úu÷ø3úý÷?ä Hú?øùýùâdáø	Þ÷tß3áâÜûKáøø3ú HúFøùB÷àûó	÷Gêýﬀ   úÅíí&å3þBú (âú?þBúûèúÏü$úÏùóþáfÞú ûﬁ
ãﬂýûKáü$÷ùKâwáø ýPÞ6áOåùfèú?ú$å¥á÷þqÞ¿âﬂ (â$ø÷úFþÏúﬃß3áâßûáø3øú /ú?øù\ß·÷ù(Þiêý"åJåüïâ¤ó	÷ú?þ+÷3øúﬃyáøùBþÅýâ$øùóú õèú?#
Fýø6âéó	÷ú+û¤÷þ"ü$úûEýûáþú?÷þÅû ý(åýþBùâ$þÞú!üÜýíô
Û"!{Û
èúÏü$úÏùóþáfÞú+ú?ù#ÏúB÷ûó
÷Gê$ýìüßý&%ø¯Þ÷ﬃ ﬃáøùÅý"äú
ú5åýû4úGãﬂý %¥ä÷þBú/C'7ô ﬃáøùóþBúü5êKèúì:áü$÷ùâdáø Þ÷ ß3áâßûáø3øú /ú?øùÞ÷3þýøùEü5êú qå6âªü$ú HúFøù	(æâ$kâuüßý
ìý?üÁúF÷þ) qáò	ú?øøúqÞ÷*ß3á"âßûKáøøú	 Hú?øù+û¤÷þùóþáâÜû+ýûáþú?÷þÅûﬃúPèúó	÷6âdìý ü$ú?øù*ý ÷øú*ÏúÏüªü$÷ü$únú?ø Ù Þ÷
Þú?÷6îfâú	 Hú+yá ﬃåýþBùKâ, /ú?øùÞújüßý"þá÷úGúyî3ùBú?þóøúú?ø\ß3áøùâdáøqÞ÷ø÷- õèú?þáÞújüßý.ÏúÏüªü$÷ü$úGú?øÙﬃÞúﬃfô/
ãêIú?þBþóú?÷þó	÷6â<úû¤ù"þóúåþfèú û4ú?øùfèú?ú!úû¤ù'ü$úþ hûNÞú!üßýﬃìý ü$ú?÷þ ﬃáò	ú?ø3øú0-@ø*Þ¿âßû¤ùâ$ø?ä÷3ú+øú?ùBùóú /ú?øù ü$úû
Þú?÷6î$åàýû4ú ûNÞú qáøùýäú\åýþ÷øú1 Æýþú\ÞêIúûFý üïâ$ú?þÞútô  2JãáþûÞúEüßý©Þú?÷fî6âú /úåýû4ú0(
ü$úNß3áâßûáø3øú /ú?øùGú û4ù hý"ç

ùBþKâÜû:èúû4÷þ#ÞC*ÏúÏüªü$÷ü$úû@å÷6âßûGý÷?ä HúFøùóúýø?á÷Jì	úý÷$å¥á÷þ9ýùóùBúyâ$ø¥ÞþBú!÷øú
ìý?üÁúF÷þ©èúó	÷6âdìý?ü$ú?øùóú3ýÏúÏüªü$úýùBùóúyâ$øùóú*ýüßý)%ø Þúüßý(åýû¤ú4
ãﬂý.%¥ä÷þóú"C-5ý6 qáøùBþBú÷øú@ß3áþ7 HúùKò6åfâ¤ó	÷ú-Þú@ß3á"âßûáøøú /ú?øùCú8yáþóþBúûKå¥áø¥Þýøùý÷©Þú?þBø6â$ú?þ
ýûáþú?÷þ¦ÞúHüßý å3ýû¤ú"úFùïüßý%¥ä÷þóúÆC'9: qáøùBþóúüßý ß3áþ /ú	Þ÷ ß3áâßûáø3øú /ú?øùý"åþ	úûýì:áâÁþ
ýå?åüïâéó
÷èú"ü$úûyáøùBþÅýâ$øùBúû; õèúFýø6âéó	÷úûﬁû4÷þﬁü5êýàûáþ7ú?÷þú<áþBþóúûå¥áø¥Þýøùý÷	åþBú (â$ú?þýûKáþ7úF÷þ
ÞúüÜý$åýû4úiã-úû"üïâwäøúûtì	ú?þóùâ$?ý?üÁú ûÞàèúÏüïâﬂ ¨â$ùóú?øùEü$úûEùBþá"âßû)á qåýþóùâﬂ HúFøùÅû4@øþBú hýþó
÷úFþý
ó	÷úEü$úû.yá ﬃåàýþBùKâﬂ Hú?øùûEﬃí!ú?ù!ﬃ=HûKáøùﬀ qá"â$øû9ýû úÏùfèúûCåàýþ"ü$úß3áâßûáø3øú /ú?øù-ó	÷úü$ú(Þú?÷6îfâú	 Hú
á qåýþóùâﬂ HúFøù	('?ýþ>%?îèú ûýüßý/û4ùBþó÷Ïùó÷þBú!ú?ù qá"â$øû@åþáß3áø¥Þ3û4
þPþ
0
«
0.5«
1¬
1.5
2
2.5
3®
3.5®
4¯
1 2 3® 4 5? 6@ 7 8° 9A
Wave number
Sa
gi
tta
 (m
m
)
a
S1B S2B S3B
0«
0.2
«
0.4«
0.6«
0.8
«
1
¬
1 2 3® 4 5? 6@ 7 8° 9A
Wave number
Sa
gi
tta
 (m
m
) b
S1B S2B S3B
´ﬁµ·¶¹¸C'9»ﬂ¼ﬂ¾¿ÁÀF¾Â3Â-ÃÄÆÃÂÇEÃÅÂìF¾ÂØÇÞ¿·¾ÂÑÊÂÊÄ6ÉÃÅË¾nÑﬂÓÔ¾ÂÑÃ ßà¾ÊËCED=F5DÑ	ÍÂÀÒ Íß¥ß3ÍÀÃÑﬂÓÃÅÄ×
ß ¿ÜÒ$ÃÄÆÃÂÇ È¤Í=ÐnÃÇ¹Ñ	ÍÂÀÒªÍïß¥ß3ÍÀÃEBÈ¤Î(Ðòã½î{ÃBÀ!Ò¿ªðÂ-ÃBÀ+ñÃËÏÇ·¿·ØÍÒÁÃBÀìÑ"ÉÃÒ¿ÜÄ+¿ÜÇ¤ÃÂÇGÒÁÃóÀ+Ø¾Ä"ßàÍËÇÞ¿ÜÄÆÃÅÂÇ ÀFã
G-úûGû<H÷þIÏúûJú.KLHMßûNHøøú /ú?øùﬀOú?÷-P	ú?øù#Qú?ùóþBú1J÷ú û»
ö
ý\÷3øúSRú	OýMßûBû¤ú?÷þèûNT3û4ù=Rú	 ÆýùNM$U
÷3ú HúFøùOüÁ÷àûVMﬂ  OHþBùýøùóúWJúûnýûNHþú?÷þÅû4.G-ú ûX /úû4÷þóúû
JZY<RúOàýMßûBû¤ú?÷þûGúyû úÏùó÷>Rú?úûû4÷þGü$úûGýàûNHþ7ú?÷þûøú14Hø/%àþ /ú6OàýûÏú?ùBùóúE=T/OHùó[úû¤ú\ªííC0]^
ö
ý÷_Oü`MßýaúJú ûXRúÏü$úÏùóþH=Júûb[G-úû3RúüÁúÏùBþ7H=Júû"ùóþHOzüßýþaú ûcHøù9ùBú?øJ3ýøÏúﬃýOdH÷ûBû¤ú?þ1Jýøàû'ü$ú
û4ú?øû+J÷KLHMßûNHøøú /ú?øùG-ú!ø'H þBúEþ=RúJ÷/M$ùJú9ùBúÏüªü$úû RúÏü$úÏùóþH=Jú!øú!ùóú?øJ Oýû)ý) hýM$øùBú?ø=MÁþ
Ïú?ùBùóúE=T/OHùó[úû¤ú)bH  HúE÷3ø/M$U
÷úûNH÷þÏú1Jú.KLHMÜû<Høø3ú HúFøù	
ö
ýü^Y<RúOýMÜûóû4ú?÷3þJúûe%ü$ú?ùÅû.JZYIúûNOýÏú?÷þ	/ ü{ýfRú?ù=Rú6P;Rú?þ<Mg%hRú0(iýüßý/û4÷/M$ùóúJ÷ﬃ  HøùÅýaújJ÷_2H=J÷ü$ú
g/([U	÷úüY<RúOàýMßûBû¤ú?÷þ6%3ülkúû<Oýú?÷þ_Rú?ùýM$ùû<Tû¤ù=Rú hýù<M$U
÷ú	 Hú?øù.Oü$÷ûaþÅýøJú*U	÷úüYNRúOýMßûBû4úF÷þ
ùB+RúHþNM$U	÷ú"úFøùóþBú üY<RúÏü$úùBþH=Jú"ú?ù<ü^Yiýû<Hþ7úF÷þ-G-úûm%ü$ú?ùû+JZYúû<Oýú?÷þûnHøù1RúFù/Rú  H=JoM`%hRú û ý%àø
Jú!þBúû<OúÏùBú?þﬁüßý&Pý ü$ú?÷3þ.JúEüYpM$øùBú?þ7Pý üªü$úfRúÏü$úÏùóþH=JúF# ýûNHþú?÷þq¤û¤úÏù<M,HønC'=Áí
9&B&(% r/*
¢
7*ts7vu
:
s!7w¤*yx{z
0
w
0
,
0
7
£
*
£
*
¢12¤:'¢
A"÷3þýøùùH÷3ùBúüßýOýû4újJú) Høùýaú0(÷ø_bHøùBþQHü$úJúüßýHùóú?ø÷3ú)JúüßýHý÷ùBúùBú?øû^MﬂHø|Júû
RúÏü$úÏùóþH=Júû)q84HøùBþQHü$úJúüYpMßûNHü$ú HúFøù!ú?øùBþóúü$úûJú?÷/}3KýÏúûEýO'Oü`M$U
÷ýøù!üßý àý÷ùóúHùóú?øû8MﬂHøRú?ùGüßý
O=MÜû¤ùBú1U	÷/Mi Hú û4÷þóú"ü$ú+û8Mﬂaøý üLGú?ùJúïüY~MÁøùBúFþPý üªü$ú|RúÏü$úùBþH=Jú?# ýûNHþú?÷þ1q^OH÷þ#ýU	÷úﬀKýÏú/»ﬀ+í
úFù>Do{úû4ùú4 úÏùB÷+Rú0=G-úûePý ü$ú?÷3þûJúEàý÷ùóúEùBú?øàû8MﬂHøýO-Oü`M"U	÷+Rú?ú ûjü,HþûJ÷Æùóúû4ù¹ûNHøù þ=Rú4KRú?þóú?øRú?ú û
J3ýøû ü$úùýü$úý÷/i JúïüßýÆû¤úÏù<M,Hø|/$í5=ZG-úùBúû¤ùRúÏü$úÏùóþNM$U
÷3úúû¤ùﬀOH	û^M$ùNM`Kû^MﬂüÁúj4H÷3þýøùJú.K·÷/M$ùóú
 /úû¤÷þ=Rúúû4ùmM$ø/KRúFþNM$ú?÷þý+íFgcº)"øúRúüÁúÏùBþ7H=Jú.U	÷/M3øúGùNM$ú?øùnOýûüÜýEý÷ùBúGùóú?øû^M,HøHú û4ùuþóú  OüÜýdRú?ú
Oàýþ<÷øúGý÷ùBþóúRúÏü$úùBþH=Jú0ø6M$øùóú?þPý?ü©ü$ú*RúÏü$úùBþH=Jú?# ýûNHþú?÷þ+U	÷/MøúùNM$ú?øùmOýû½üßý"ý÷ùBúùBú?øû^MﬂHø
Oú?÷3ùXQú?ùóþBúﬃJnQ÷ýz÷øú3OH÷ûóû8Mú?þóú_ Hú?ùÅý üªü`M$U
÷ú3Oþ=Rúû4úFøùóúÆú?øùBþBú/ü^Y<RúÏü$úÏùóþH=Júnú?ùüYýûNHþú?÷þ	(.ýz÷3ø
OHòû8M$ùNMﬂHø3øú /ú?øùM$ø4HþBþBúÏùBúﬃJúûú ûNOýÏú?÷þÅû)OúFþ /ú?ùBùÅýøù+÷ø4HøùýÏù:RúÏü$úÏùóþH=Jú?#ýàûNHþ7ú?÷þH÷
ýz÷3øúRúÏü$úÏùóþH=JúýTýøù+÷øWOü`M9û4÷3þüÁú û)dHþJûOH÷'Pýøù/ú?øùBþBúFþú?øWbHøùýù/ýP	úüYýûNHþú?÷þ	
	¨
Problème sur HV1
Problème sur HV2
Court circuit franc
Problème au montage
1.375 1.5 1.6 1.8 2.0 2.1 h2.3
El
ec
tro
de
s
´ﬁµ·¶¹¸C'IC»-EÃóØÏÃÅÂØÏÃÄÆÃÂÇÑÃóÀ ÉÃÒÁÃóØÏÇ·Ë¾ÑÃBÀÍñÃóØ+ÑÃóÀ'ß ËÅ¾	ÎÏÒåÃÄÆÃóÀ+ÑÃß3ÍÊÇ¤Ã!Ç¤ÃÂÀ¿·¾Âã
G-ú ûjúû<OýÏúF÷þû ú?ùﬁüYNRúÏü$úÏùóþH=JúïûNHøù>M$øûNOúù/Rúûb('O÷/Mßûjü$úûRúÏüﬁRú /ú?øùûûNHøùGþBúFøú?ùBù7HT;Rúû>qRúÏü$úÏùBþ7H=Jú!ú?ù
ýûNHþú?÷þÅûﬁýPýøùJZY"Qú?ùBþóúGþBúOüÜýdRúû+Jýøûuü$ú.  H=J÷ü$ú0'"øhø'H÷'P	ú ý÷/ùBúû¤ù RúÏü$úÏùóþNM$U	÷ú"ú û4ù úb-úÏùB÷+RúŁ
G-ú Høùýaú1J÷2 H=J÷ü$úøú14HøùNM$ø÷úOýûGùýøùU	÷úEü$úùBú û4ùGøúû4YIúû4ùOàýûýP;Rú?þ=Rú.OH	û8M$ù<MgK7
"ø3ú KLHMßûü^YIú O/MªüÁú	 Hú?øùùóú?þ M$ø>RúÆú?ù/ýPýøùü$úﬃ/QýüßýaúJ÷2H=J÷ü$úg=(u÷øêø'H÷-P	úý÷êùBú û4ù
àý÷ùóú+ùBú?øû^MﬂHøýRú?ù=Rú)KýM$ùû¤÷þ!ùH÷ùBúûGüÁú ûXRúÏü$úÏùóþH=Júûb[(ü{úû¤ù!ýO'OàýþB÷U	÷úoJúû.?ýøý÷=}Jýøû
üßýnþH÷3úHú4}3ùBúFþBøú/øú/ùBú?øýM$ú?øùOýûïüßýàý÷ùóúÆùBú?øàû8MﬂHø[{"÷Ï÷3øfOþ7Hülú /ú/ø[YýRú?ù=Rú Hû4ú?þ7P;RúVJýøû
üßýÆþH÷úMÁøùBúFþBøú0ºŁ"úOH÷'Pýøù)Oàýû)J;Rú  Høùóú?þ"ü$ú  H=J÷üÁú*OdH÷þ!÷øú/þýMÜû<HøWJúHùóú  Oàû4(dMªü¹ýRú?ù=Rú
J;RúﬁM$JeRú*JúbH÷'Oú?þjÏúû)Fýøý÷/}WJúìüYýþBþ<M,P;Rú?ú3Júìüßýzý÷ùBúÆùóú?øû^M,Hø[nGﬂý%a÷3þBúÆC-C2O3þ/Rúû¤ú?øùóúìü$úû
Fýøý÷/}ﬃU	÷/MiHøùRú?ù=Rú14H÷'O+RúûJúïüßýHàý÷ùóúùóú?øû^M,Hø_Jýøû üÜý/þH÷3úúb}ùóú?þBøúŁ
9&B&Þ ¡6.
0;
w
0ﬁ
*s7
:
s7w¤*
Gﬂý &Mßû¤ú ú?øOüßýúJúuüY<RúÏü$úùBþHø/M$U
÷3úeK·þHM$JúGû¤÷þ½ü$ú+  H=J÷üÁú¹ýRúFù/Rúﬁú4 úÏùó÷>Rú?úﬁý÷H +;;^ýPýøù
û<HøÆùóþýøûNOHþóùﬀP	úFþû  +ﬁ>"Ł)=Gﬂý6%a÷þBú9C'  HøùóþBú"ü$úû+?ýþóùBúûûNH   hýùóþNM$Ïúûﬁú?ùjü$úû+?ýþóùBúû; ﬃú?þóúû
bHøøúÏù=Rú?ú û+û4÷þ+ü$úû Jú?÷/}:KýÏúûJ÷ H=J÷ü$úýM$øû^MU	÷úÆü$úû?ýþBùóúûý÷3ùBúzùóú?øû^M,Hø4Hø3øúÏù=Rú?úû
÷3ø/M$U
÷ú	 Hú?øù/û4÷3þHüßýKýÏúèýþóþNMú?þBú:q(û4úù;/$í9o+ú?ù+üßý%a÷þBúC'5|Oþ=Rúû¤ú?øùBúÆüßýKýÏúýþBþ<MúFþBú_J÷
2H=J÷ü$úzgnú?øùNMú?þBú	 Hú?øù1/Qý übRúFú0j@ø:Oú?÷ùjJoMßû4ù<MÁø-a÷ú?þ*U	÷ýùóþBúÆù<T=Oú û)Jú3=Qýü$úûÆ»ﬂüÁú û/Qýü$úû
àý÷ùóú"ùóú?øû8MﬂHø[( 7-ü$úû;/Qýü$úû+U
÷=Mﬂý ﬃúFøú?øùü$úEû^M,aøý üJú?ý ü`MﬂþýùNMﬂHø( -ü$úû;/Qý üÁú û>U	÷/M ûNHþBùóú?øù
ü$úû8Mﬂaøý ü+Jú)Fý ü`MﬂþýùNMﬂHøú?ùGduü$úû/Qýü$úûU
÷/M{û<HþóùBú?øù ü$ú+û8Mﬂaøý üJúO=Tû^M"U	÷ú0

Carte mere‘
Face avant
Carte sommatrice
Face arriere‘
Carte Haute Tension
´ﬁµ·¶¹¸C'i»ﬁÍËÏÇ¤ÃÀF¾Ä+Ä/ÍÇ·ËÏ¿·ØÏÃóÀ"ÃÅÇﬂØÍËÇ4ÃBÀÄäåÃËÃØ¾ÂÂ-ÃóØÏÇÉÃ?ÃBÀÀÊËÒªÍFÍ	ØÏÃÍñÍÂÇﬁÈÜð	ÍÊ3ØkßÃÞÐÃÇ<ÍËËÏ¿åÃËÃ
È¤ÑËÅ¾¿ÜÇ4Ã·Ð/ÑÊ3¾ÑÊÒ$Ã)ã
carte mere‘
sommatrice
carte
haute tension
carte
Roue Externe
Roue
Interne
´ﬁµ·¶G¸-C-5»ÊÃÑÃ!ÒªÍ"FÍ	ØÏÃïÍËÏË¿åÃËÏÃïÑÊ¾ÑÊÒ$Ã/Í=ß ËﬂåÃóÀØ

Í	ÎÏÒªÍ?ðÃã

ll
ll
ll
     
     
     
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¡l¡l¡l¡l¡l¡
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
¢ ¢ ¢ ¢ ¢ ¢
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
£l£l£l£l£l£
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¤ ¤ ¤ ¤ ¤ ¤
¥l¥l¥
¥l¥l¥
¥l¥l¥
¥l¥l¥
¥l¥l¥
¥l¥l¥
¥l¥l¥
¥l¥l¥
¥l¥l¥
¥l¥l¥
¥l¥l¥
¥l¥l¥
¥l¥l¥
¥l¥l¥
¥l¥l¥
¥l¥l¥
¥l¥l¥
¥l¥l¥
¥l¥l¥
¥l¥l¥
¥l¥l¥
¥l¥l¥
¥l¥l¥
¥l¥l¥
¥l¥l¥
¥l¥l¥
¥l¥l¥
¥l¥l¥
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
¦ ¦ ¦
f
h (cellule)
1.6 1.8 2.0 2.1 2.3 2.51.5S3
S1 S2
1.6 2.2 2.5
2.1 2.3 2.51.6 1.8
Perte secteur HT
8
10
12
14
16
18
20
22
2
3
4
5
10
8
12
14
16
18
20
22
(cellule)
0.2
0.3
0.4
0.5
0.2
0.3
0.4
0.5
Cellule mal
connectee
´ﬁµ·¶¹¸C'ª¨	»+ﬁÍËÏÇ¤Ã!ÑﬂÓÃ,§ ØÍ	ØÏ¿ÜÇÉÃÑÃBÀØÏÃÒ$ÒÊÒ$ÃBÀhÑÊØÍÒª¾Ë¿ÜÄDåÃÇ·ËÏÃã
9&B&8¨ ¡
0
8
£
*Ss©·*«ª­¬
0
¬
2 £®
*Es7vu
:
s7¯w4*°x
Gﬂý&%±a÷þóú+C'©¨þBúOþ=Rúû4úFøùóúïüßý3?ýþBùBújJZYúk3?ýﬁM$ù=Rú1JúüßýHþ7H÷ú+ú4}3ùBúFþBøú1J÷|J;RúFùBúÏùóú?÷þ	GnYúÏkh#
FýﬁM$ù=Rú1Jú ûÏúÏüªü$÷ü$úû¯O3þBú?øJnú?øﬃ4H Oùóú+»
ö
üÁú û>?ýøý÷/}V  HþBùûGû¤÷þjüY<RúÏü$úÏùBþ7H=Jú14Hø3ø÷ûýPýøù üYIú  O=M©ü$ú /ú?øùﬀq8JeRú?ùýMªü©üﬁRú1Jýøû¹üßý+û¤úÏùNMﬂHø
C'5D=0
ö
üÁú û?ýøý÷/}4H÷-O>RúûJúEüßýHý÷ùBú!ùBúFøû8MﬂHøèýOþ	úû ü^YIú O/MªüÁú	 Hú?øùGú?ù¹ýPýøùGü$ú)=Qýüßýaú
ö
üÁú û"û¤úÏùBúF÷þûJúý÷3ùBúùóú?øû^M,Hø|4H÷-O>Rúû ü,Hþû7U
÷ú!ü$ú) H=J÷ü$ú/ý:RúFù/Rú!ùBúû¤ù=Rú_RúÏü$úÏùóþNM$U	÷ú /ú?øù1ý
K·þHM$J
ö
üÁú û Ïúü©ü$÷ü$úû  HþBùBú ûHþBúO+Rú?þ=Rú?ú û3ýèüßýTû¤÷/M$ùBú|Júû/ýøàý üﬂTû¤úû3Jú_Fý ü`MﬂþýùNMﬂHøæúFùJú3O=T3û8M$U
÷3ú
q<J;Rú?ùÅýMªüªübRúJýøû¹üßýÆû¤úÏù<M,HønC'5D=0
GnYIúÏk3FýﬁM$ù=Rú!úû¤ù?ý ü$Ï÷übRúFúú?ø3KLHøÏù<MﬂHø|J÷ﬃOdH÷þú?øùÅýaúU	÷ú!þBúOþ=Rúû4úFøùóúïü$ú1H÷ü$úûJ;Rú4Ký÷ùû
OàýþGþýO'OHþóùýüßý/ûNH   /ú1Júû RúÏü$úÏùóþH=Jú ûhKLHþ hýøù"÷ø3ú)úÏüªüÁ÷üÁú ûcq8jKýÏúûJýøû'üßýìþ7H÷úú4}3ùBú?þóøú
úFùJýøû üßýìþ7H÷úM$øùóú?þBøúOH÷3þ"÷ø3ú)úÏüªüÁ÷üÁújJú+ﬃ=DH÷Rﬃoo
GﬂýW?ýþBùBúJ÷OþBú	 &M$ú?þ3bH OýþóùNMﬂ HúFøùﬃJ/Høøúü^Y~Mﬂ  OþóúûBû^MﬂHøSU	÷úÏú|4H OýþBùNMﬂ /ú?øùÆø[Yý
ý ÆýMßûï÷3øú+úÏkV?ýﬁM$ù=RúJúní?ggo*(mJnQ÷ýhüßýÆþBú	Oþ=Rúû¤ú?øùýù<MﬂHøJúüßýzû0Rú	OýþÅýùNMﬂHøWJúû.úÏüªüÁ÷üÁú û&q ùóþýMÁù
ø-HM$þ4I;GnYúÏkV?ýMÁù=RúﬃJúﬃíÆúû4ù+úFø²KýM$ù4H  Oàýþýü$úWý_Ïúü©ü$úJúûJú?÷=}êý÷ùBþóúû bH OýþóùNMﬂ HúFøùÅû4(
J=H MÁø+Rú?úOýþüÁú û#KýÏúû.JYNRúÏü$úÏùóþH=Jú û.JeRú4Høøúù/Rú?úûJúüßýÆý÷3ùBú+ùBúFøû8MﬂHøWqlM$JúFøù<M"U	÷úû.OH÷3þïü$úû
bH OýþóùNMﬂ HúFøùÅûﬁ
Gﬂý) hý?Hþ<M$ù/RúJú û>J/Høø>Rú?úûGû¤ú?þHøù+OþNMßû¤ú?øùhJýøàûjüÁú û>³Høú ûjø'Høzý úÏù=RúFúû4(	þBú û4ùBþóú4Mﬂaøýøù ü$úû
àý üßýTýaú ûJ÷3Jú?ùóúÏùóú?÷þuú?øh+ú?ùGÙý)Jú?÷=}OdHòû8M$ùNMﬂHøû4([bH  HúGø'H÷ûjü$ú.P	ú?þóþHøàûeOH÷þﬁü$úûRú?ùó÷Júû
JY÷ø/M`KLHþ MÁù=RúûJúEüÜý+þH÷ú!ú4}3ùBú?þóøúJ÷2H=J÷ü$ú+g=
¨ g
lnmb´ prq!sutGvﬁw?xzy{w?|H} ~ yuqsºyq} µ0¶ws{tGq.¶+
9&8·'&B ¸8
®
*«¹
®
*i¬-,
0 ¢ﬁ£2
w<w
:'¢E¢
*u78
"øOþ=Rú?#Rú=àýøùNMªüªü,Høøú?÷3þ\ªíí?](4H÷J;Rú?ùóúÏùóú?÷þ[Jú>O/M$úJJú+aú?þ7úŁ(?úû4ù[OüßýdRúJýøû-üÁú+Ïþ7T0H	û¤ùýù
JúPýøù½ü$úFý üﬂHþ<M, ﬃú?ùóþBúGý%øJúþBú4H÷'PþNM$þ½üY<Rú?øú?þ7aM$ú>Oú?þIJ÷ú>OàýþﬂüÁú ûmOýþóùNM$Ï÷ü$úûJýøûﬂüÜý ÆýùNMú?þBúû¤ú
ùóþH÷'PýøùJúPýøù ü$ú)Fý üﬂHþ<M, ﬃú?ùóþBúq<Ïþ7T0H	û¤ùýù	('H/M$øúû4÷'OþÅý#4Hø±J÷ÏùóþNM$ÏúúFùJ;Rú?ùóúÏùóú?÷þJúEùBþÅýÏúû
ýþaiRúFúû[JýøàûuﬁﬀGﬂﬃﬀº»Ïþ7T0H	û¤ùýù	(ý þBúûý¯%üßûﬂú?ùuû7ﬁM$øù<Mªü©üßýùBú?÷þÅû;JýøûﬂüÁúùBúû¤ùﬂú?ø6KýMßûÏúý÷Z
 ü4H÷'PþBúEüßýHþ=RúaMﬂHøú?øXH÷üßýU
÷àýøùNM$ù=RújJú) hýù<MúFþBúJúPýøù'ü$ú)H÷=-Hø|JýøûEﬁﬀGﬂﬃÆú û4ù üßý
OüÁ÷àûhMﬂ OdHþBùÅýøùBú0(YIúû4ùó#ý#^J0MÁþóúJú*\ªí=(Áí]
"ø#  H=J÷üÁúhJ÷Oþ=RúF#Rúýøù<M©üªüﬂHø3øú?÷þ<úû4ùibH OdHòû0Rú+JúﬁùBþ7HMßûﬀRúÏü$úÏùóþH=Jú ûmJúe>   SJYNRúOýMßûBû4úF÷þ
ý)aiRúH WRú?ùóþNM$úOüßýøúû0Rú	Oýþ=Rú?úû>Oýþ&  ¼JYýþ7aHø ü`M$U	÷/M$JúﬃýüYýM$Jú1JZYIúûNOàýÏú?÷3þû.½Ïø=M"JﬃJZYýú4Mªü©ü$ú¾=
G-ú û6Jú?÷/}RúÏü$úÏùóþH=JúûEú4}3ùBúFþBøúû9ýO'Oü`M$U	÷ú?øù÷3øúHàý÷ùóúHùóú?øû8MﬂHøRú?ùü^Y<RúÏü$úÏùóþH=JúM$øùóú?þBøú /úû¤÷þBú
ü$úû8Mﬂaøý üqLMﬂHø/MßûBýùNMﬂHøJúEüYýþaHøzü`M"U	÷/M$JúI
"ø3ú+þH÷3ú3J÷|Oþ=Rú?#RúýøùNMªüªüﬂHøø3ú?÷þH÷'HøTúû4ù14H  OHòûoRú?ú*Jú*D2 H=J÷ü$úû4iGﬂý2aþýø÷#
üßýþNM$ù=RújJú1=ýÏ÷ø
Rú?ùÅýøùJú1¿ì2ÀV¿HÙzë g/FigD3À3DuCCæg=FgDÀg/FÁí
mH÷þuü$ú"ùóúû4ùﬁú?ø)KýMÜû7Ïúý÷[('JúF÷/} H=J÷ü$úû+J÷ O3þ/Rú?#RúýøùNMªüªüﬂHøøúF÷þ>HøùRú?ù=Rú"÷ù<MªügMßû0Rúû>Jú	Pýøù
ü$úFý üﬂHþ<M, ﬃú?ùóþBú14H÷-PþÅýøùG÷øúEþ=RúaMﬂHøú?ønÙﬃJú!g/ICﬃ\©íí]^(û<HM$ù'üßýù7Hùý?ü`MÁù=RúJúEüßý4H÷'P	ú?þBùó÷þBúú?øÙ
Júïüßý+þH÷ú!ú4}ùóú?þBø3úJ÷_2H=J÷ü$ú+g/
9&8·'&8· ¡ 8/Á
: 1£30u£
G-ú3þT0H	û¤ùýù÷3ùNMªü`MÜû0Rú2OH÷3þüÁú ûùBú û4ùû!ú?ø_KýMßûÏú ý÷/}\ªíí¨] ú û4ùü$ú3þT0H	û¤ùýù)JúnŁE.í_\©íí?]^
 ü¹úû4ù*4H OH	û0Rú_JúJú?÷/}êúFøÏú4M$øùBúûÆ»u÷øúnú?ø±Ïú4M$øùóúK·þHM$JúJú_D=F_À:=F©¨_À g/Fª¨_  ÂVJýøû
üßýU
÷úü©ü$úﬃHøWOú?÷ùOüßýú?þ+÷øW  H=J÷ü$ú_J÷?ý?ü,HþNMﬂ ﬃú?ùBþóúúFù+÷øW  H=J÷üÁúJ÷WOþ=RúF#Rúýøù<M,Høøú?÷3þ(
ﬁ÷øú!ú?øú4M$øùóú)ý÷Jú6Mßû<HüßýøùBúqPoM$JúhU	÷/Mﬁû0RúOýþBúEüßý Oýþ7HM+JúïüYIú?øÏú4M$øùBú.K·þHM$Jú+ú?ù üßý OýþHM
úb}ùóú?þBøú1J÷|þT0H	û¤ùýù!ý%øJú M$ø/Mﬂ &Mßû4úFþ"ü$úû.OúFþBùBú û"ùBúFþ M"U	÷úû.qC í?ggÃEG-úûﬀOýþHMßûJúû
úFøÏú4M$øùBúû[Jú	Pýøùﬂü$ú?ý üﬂHþNMﬂ ﬃúFùBþBúGþóúOþ=Rúû4ú?øùBúFøù ÷øúU	÷ýøù<MÁù=RúJú> hýù<Mú?þBú+PýþNMßýøù;Júg=1ýí$í4Ä.Å
úFøVKLHøÏù<M,Hø_Jú!
GnYiýú û;ý¹üYpM$øù=Rú?þ<M$ú?÷þJ÷Ïþ7T0H	û¤ùýù{û4ú;KýM$ùnOýþ½ü$úh4H÷'P	úFþ=ü$úû4÷þﬂü$úU	÷úÏü	ü$úGû<Tû¤ùú /ú+ÏþT0HamRú?ø/M$#
U	÷úGú?ùuü$úû+=ýûBû^MÜû+JúGü^Y<RúÏü$úÏùóþHø=M"U	÷úK·þHøùÅý ü$ú!ûNHøù+OüßýRúŁAúûuùBþýP	ú?þÅû0Rú?ú û6Rú?ùýøúûnOú?þ /ú?ùBùóú?øù
ü$ú!ùBþÅýøû^KRú?þBù#JúEüYýþaHøzú?ùJúûGû8Mﬂaøàý÷/}RúÏü$úÏùBþ<M$U
÷ú û4
G-ú3J;RúOüßýÏú	 Hú?øù1J÷W?ý?üﬂHþNMﬂ ﬃú?ùBþóúOýþþýO'OHþóù/ý÷fKýMÜû7Ïúý÷ÆqL%'}3úúû4ùýûBû¤÷þ=Rú3OýþJúF÷/}
 H÷-P	ú HúFøùÅû4-ﬃ	÷/MﬂPýøù!Z(ü$úþT0H	û¤ùýù(OüßýRúhû4÷þcJúûEþýM©üßûb(û¤úJeRúOüßýÏú/ý÷ù7H÷þ1JZYI÷ø_OHM$øùJú
þ7HùÅýùNMﬂHø)%'}úŁGﬂý¯%±a÷þóú C'iýﬀ HøùBþóúuüÜýOdHòû8M$ùNMﬂHø3J÷þT0H	û¤ùýùmOH÷3þ;Jú?÷/}1Pý ü$ú?÷3þûú?ø*ýﬀýU	÷ú
úb}ùóþ/Rú M$ù/RúJ÷3Fý üﬂHþ<M, ﬃú?ùóþBú0AEýøûjüßý)JoM$þBúÏùNMﬂHøÙHüßýþHùýù<MﬂHøﬃJ÷3?ý?üﬂHþNMﬂ ﬃú?ùBþóúEúû¤ù ýûBû¤÷þ=Rú.Oàýþ ÷3ø
û<Tû¤ù	ú /úJú#/Qý üÁú ûeúFù>JúﬀOH÷ügM$úûJ3ýøûuüÁú#Ïþ7T0H	û4ùÅýù	0G-ú. WRú?ýø=MÜû< HúJú"þ7HùýùNMﬂHøﬃJ÷*?ý?ü,HþNMﬂ ﬃú?ùBþóú
ú û4ù>O3þ/Rúû¤ú?øù=Rú!û4÷3þ üÜý)%a÷þBú!C'i[- ﬁú ûJú?÷/} ûNT3û4ù	ú Hú ûJúEþHùýùNMﬂHø_HøùRú?ù=Rú!þ=Rú ý ü`MßûoRúûOH÷þ#U
÷3ú"ü$ú
KýMßûÏúý÷û<HM$ùﬀO3þHBúùNM`KÇ¯OàýþþýO-OdHþBù9ý÷?ý üﬂHþ<Mﬂ ﬃú?ùóþBú0
È<ÉoÊËÌlÍ<Î<Ï<Ð<ÑÓÒ9Í4ÔÕÏnÖ9Ê.ÕÒ5ÌLÏ<ÐNÑ"Ò9Í4ÔÕ0×~ØÔÏ>ËÊbÌlÑ"Ò5Ð<ØÖ9ÏÙlØÌmÖ9Ï>ËÖ9Ê4Ô1ÑlÌLÊ4ÔÙLÚ4Ï<ÌLÙlÏ.ÛﬂÜÝ~Þ=ßZÔÏ+ÚÊ4Ì"Ò5Ï+ËÊ4ÙiÏ<Ô6àﬂÍ4Ô	ÑÓÒ9Í4ÔÕÏ
Ö9ÊËÌlÍàﬂÍ4ÔÕÏ<ØÌNá
¨òí
Zone H6B
Module bouchon
Enceinte froidea
Module bouchon
Cable
Enceinte
froide
b
´ﬁµ·¶¹¸C'i»+â"ÍÊ3ØkßÃÖñFÊÃÑÊØÏËÏÀF¾Ç ÍÇﬂßà¾ÊË!ÑÃÅÊ
hñÍÒÁÃÊËÀHÃóÇÞËﬂåÃÄÆÃBÀìÑÃ ºãmã!Ë¾¿ÜÇ¤Ã!Ö½ÀÀÇ	åÃÅÄÆÃÑÃ
ßà¾À¿ÜÇ·¿·¾ÂÂ-ÃÄÆÃÅÂÇGÑÊÄ/¾ÑÊÒÁÃïÑ	ÍÂÀÒªÍnÑ¿ÜËÏÃóØÏÇ·¿·¾ÂÆÙ{ã
9&8·'&(% )
2¤G¢
*tsE* ¥
0ﬁ2¤1
¬ﬂ*
0
7
Gﬂý)³HøúJú9ùBúû¤ù>J÷2Fý üﬂHþ<M, ﬃú?ùóþBúﬃRúÏü$úùBþH Æýaø+RúFùNM$U
÷3ú6H÷=-Hønû¤ú!û8M$ùB÷3úû¤÷þ üßýü`M,aøú1.ä
J÷é +ﬁ>Ł)uA"ú ûcO3þHù7Høûb(ﬁýúÏübRú?þ=RúûJýøûïü$úzﬃo¹ﬃìB÷ûU	÷[Y"ýnC	gfå"ú	(ºûNHøùJ0MÁþ<MﬂamRúû/û4÷þ÷øú
M, üÁúýO'OúÏübRú?úﬀ C'- ﬁú?ùóùBúﬁMﬂü$úý ü`Mﬂ Hú?øùBú!ú?øRúÏü$úÏùBþ7Høûb('OH	û8M$ùóþHøàû4(Z +÷'HøûjúFùO/MﬂHøûGùBþ7HMßû¹ü`Mﬂaø3úû
Jú6KýMßû7Ïúý÷=}ä»Zﬁg/(i.+ú?ù9/Gﬂý*%±a÷þóú+C'ÁíFg  HøùóþBú÷3øúOýþóùNM$ú*J÷ý üªüqÞü`Mﬂaø3úû.Hú?ù#Eo
H÷èû4úJ;Rú?þH÷ü$ú?øù ü$úûGùBú û4ùûb
ænænænænænænæ
ænænænænænænæ
ænænænænænænæ
ænænænænænænæ
ç ç ç ç ç ç ç
ç ç ç ç ç ç ç
ç ç ç ç ç ç ç
ç ç ç ç ç ç ç
ènènènènènènènènè
ènènènènènènènènè
ènènènènènènènènè
ènènènènènènènènè
ènènènènènènènènè
ènènènènènènènènè
ènènènènènènènènè
ènènènènènènènènè
ènènènènènènènènè
ènènènènènènènènè
ènènènènènènènènè
ènènènènènènènènè
ènènènènènènènènè
ènènènènènènènènè
ènènènènènènènènè
ènènènènènènènènè
ènènènènènènènènè
ènènènènènènènènè
ènènènènènènènènè
ènènènènènènènènè
ènènènènènènènènè
ènènènènènènènènè
ènènènènènènènènè
é é é é é é é é
é é é é é é é é
é é é é é é é é
é é é é é é é é
é é é é é é é é
é é é é é é é é
é é é é é é é é
é é é é é é é é
é é é é é é é é
é é é é é é é é
é é é é é é é é
é é é é é é é é
é é é é é é é é
é é é é é é é é
é é é é é é é é
é é é é é é é é
é é é é é é é é
é é é é é é é é
é é é é é é é é
é é é é é é é é
é é é é é é é é
é é é é é é é é
m
DUMP
p
CRYOSTAT
BC4BC1
Chambres a faisceaux : BC1, BC2, BC3, BC4
FAISCEAU
Sc1 Sc Sc
p
Scintillateurs : Sc1, Sc2, Sc3, Sc  , Sc    
m
BC2 BC3
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